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AUTHOR'S PREFACE. 



THE "Theory of the Trace'* is divided into three parts- The first compre- 
hends the Commercial Location of the Trace; the second, the Technical 
Location of Railways;^ the third treats of the Technical Location of Roads, 

The present Work treats of the Commercial Location of Lines, vi^:., the 
location of the trace in its financial aspect. 

It was originally published in 1872 as a reprint of an article that 
appeared in that year in the "Zoitschrift des hannoversohen Archltekten- and 
Ingenieur-Vercins,'* 

The particular and special i^sed idea to which I then gave publicity under 
the expression '* Commercial Trace '^ has found such a ready and wide acceptance 
that I have not judged it expedient to change this designation ; although it is not 
one that now altogether satisfies me. 

The treatment of technical problems from a financial stand- 
point, which has long been in use more or less definitely and intel- 
ligently in the practical execution of work, has only in recent times 
and for certain particular branches attained a completely scientific 
character^ This enlarged conception and quantitative treatment of 
technical problems daily gains increased application and importance 
In all departments of Engineering. 

The scope of my earlier work on the Commercial Trace was sabsequeiitly 
extended in Lectures at the Polytechnic, Hannover, and also in various publi- 
cations, ¥rom amongst the latter I may cite an article originnlly published under 
the title *' Economic Questions in Railway Engineering ''j in the '* Centralblatt der 
Baii-Verwaltung*', 1883: and the Section treating of Goods Transport in my 
** Mathematical Basis of the Theory of Political Economy", (Leipzig; W. EngeU 
mann, 1885), The contents of this second e*lition are conseqnently considerably 
increased J although by presenting it as concisely as possiljfe T have cndeavom*ed 
to keep it within reasonable limits. 



Hankoveb. Wilh. Launhardt. 

September, 1886- 
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0-9114 ft/sec. 
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0-9842 ton. 
2-240 lbs. per ton. 
1422-31 lbs. sq. in. 
7-233 foot-lbs. 
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1-6093 kras./hr. 
1-0972 „ „ „ 
0-4530 kilogramme. 
1-OlG tonnes. 
0*446 A kilogs. per tonne. 
0-000703 kg./m.'-' 
0- 1 3-825 kilogramme-metre. 
0'£097 metre-tonne. 
10Cm« = 1 19.-603 sq. yards. 
1000m« = 2 A. 2280-3 sq. yds. 



§ 1. 

INTRODUCTION. 
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In discussing the subject of Transport we diatinguiali 

The Load, 

The Motive-power, 

The Koad. 

The Load comprises the useful- or Pajing-Load which forms the object ol the trans- 
portetion, together with the Weight of the Vehiclfij of which the function is to lessen the 
diflSculties of, and resistances to motion and to protect the Useful-Load, 

ITuder the Motive-power we distinguish the motive-force and the machiii@j t,e., ^le 

contrivance for the production and application of the motive-power. 

Finally, as regards the Boad o^ track, besides the character of its top surface, there 
Is also its shape longitudinally, to be considered viz., its plan and elevation : tlus shape 
longitudinallj is termed the Trace. 

The main subdivisions of Transportation ; Paying-Loadp Vehicle, Motive-Force, 
Motor, Track, and Trace, have to bo separately considered ; and they consequently yield an 
equal number of bases for the subdivision of the various modes of transport. The Vehicle as 
regards its nature does not yield any basis for classification of public traffic ; and the sub- 
divisions of Power and Motor must be taken together ; bo that there remain but four bases 
of classification^ as exhibited in the following survey, 

L Classificatioh of the Ways and Means of Comhtjkication. 

Waier-way9. 

(a) The Sea— characteristic surface — Waves, 

{b) Rivers — „ „ — Eunning Water, 

(c) Canals — „ „ —Still Water, 

Lmid-ways. 

{a) Hoads^Here there are no special arrangements for guiding the vehicle : they 
maybe surfaced with earth simply, or \vith stone^ wood, or asphalt, etc. 

{b) Kailways^On these the vehicle has a definite path laid down for it ; the path^ 
i^»j the rail, formerly of wood or atone, is now almost universally of metah 

IL CLASSlFieATIOK ACCOEDINQ TO THE TKACK. 

1, In the case of Water-ways we have the same divisions as for the Boad, but the 
bases of the subdivision are different. 

(a) The Sea — characterised by horizoutality and unlimited extent of surface. 

(fc) Eivers — charactorised by dight incliimtion^ irregular width, and numerous 

bends, 
(c) CaiialB — present a horizontal surface^ with occasional inclined or vertical falls ; 

they are of fixed and limited widths and in direction mainly rectilinealt 

2, Boads — have Widths Gradienta, and Curvatore: these are termed the Elements 
0f the TriUSi/ and are of cardinal ijiiportaiica. 
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§ 2. 

The Growth of the Art of Transportation, 



Th© growth of Tran&portation is of sucli farreachiug importance for the whole 
progress of human cLvUizatioB that all other mfltieDces and canses promoting onr 
material and moral progress are scarcely to he compared with it in importance and 

effect. It is only since the application of steam-power to the aunihilation of distance that it 
has beea possible to recognise the fall force of this trath, and of the fact that through the rise 
of the Art of Transportation tho vital force and activitj of mankind has been so enhanced 
that J compared with the present, the earlier periods of civilization are meraly states of 
somnolence. 

The groT^h of the art of Transportation began with the search for the best existing 
roadway, or the natural Trace. This was determined by the directions of valleys, the fords 
o£ rivers, a mount ain pass, the shape of a coast, the favonrable character of the soil ; aud^ in 
some instances by the necessity for easily obtainiDg drinking-water and the means of sub- 
sistence. Subsequently, the choice of the natural Trace was associated with tho Second phase 
of transport development, viz,j the development of modes of carriage, which amongst the 
oldest civilized peoples had even in pre-historic times reached the stage of wheeled-vehicles 
and sea-going vessels. Any further real progress in the perfecting of transport could only be 
attained when a road therefor was developed* This forms the Third stage of development 
of the Art of Transport; and this stage would be possible only in an economically-ordered or 
civilised state of Society. The stone-paved roads of the Egyptians from the Nile to the sites 
of the Pyramids, or those for the processions of the sacrificial cars in the environs of the 
Greek temples^ are of small importance in this connexion, since they were not meant for public 
traffic. The earliest attempts to build public roads are due to th© Assyrians and Persians ; 
bnt it was the Romans who first possessed a developed and, at the same time, extensive 
system of roads.* 

With the fall of the Roman Empire this network of roads dieappeared with the 
exception of a few still existing remains ; and passing over some isolated and feebly maintained 
attempts at the improvement of roads in the Middle Ages it was not till the conmxencement 
of the XVII century that iti modern civilised countries attention was again gradually directed 
to the making of roads. But it was only in the present ceutnry that road -building wa^s at all 
generally and energetically taken up; and metalled roads li ad only attained a meagre and 
insufficient development when the introduction of Railways created at once a new system of 
road-making which thrust the ordinary roads into the background. This new form of road, 
f.^t, the metallic track, had become a necessity from the progress which had been made in the 
Fourth phiise of the art of transportj viz. the growth and development of the Motive-power, 
due to the application of steam. 

With the gradual progress in the improvement of Transport, through the four above- 
named stages of developraeiit, viz,, the Tracejthe Vehicle, the Boadjand the Motive-power— 
the progress already made in any one of these generally called forth further improvements 
in one or more of the others, so that a continual interaction of one on the other took place, 
A continual increase in the number of the preparatory works requisite for the different kinds 
of Transport characterises the collective development of the Art ; the object being to diminish 
the actual labour involved in each individual act of transportation — and consequently, a 
steady increase in the amount of the construction-capital employed in the reduction of the 
working-expenses of each act of transportation* 

[* See von Cart Morckel ; DIq Ingonionriectmik im Alterthtim. J» Springer, B^rhn t 1890^ and a Eotigw of 
Sftmo in thp Now York ^* EngiDeoring Newfl " i 20tb April , 1899 t wbereia it is Atatod that tbe Boman network of roftdft 
ii|;free«t«d 6^569 Bnglisb mOci and extended Qxer Itftlyj Afiics, Spain and Etigland.— Tbattb.] 



But through the improvement of the art of transpartation not only has a greater 
degree of Cheapness been attained bob also a bigher degree of Speedy Safetj, Rogularitj, 
aad Convenience, coupled with enormously increased facilities^ for, and a greater efficiency of, 
trtHLsportatioD, 

Amoiigst all these advantages conferred by a developed system of transport that of 
Clieapneas is the most geuerally important; so that under certain circumataucea^ as for example, 
in the case of low-priced^ goods iu bnlk, all other considerations fall into the back;|rouiid : 
and consequently J under these particular circumstances, water- transport is the most suitable 
means of transportation,* But when the water- transport — ^owing to the low water-level 
or to the presence of ice — is subject to frequent and long interruptions, it may be surpassed^ 
even for low-priced goods, by the more costly Railway-transport ; and this latter for passenger- 
traffic and for valuable merehandisOj owing to its greater rapidity, must bepronoanced as being 
in general the most perfect means of transport* In many cases, however^ a simple cart-road 
best fulfils the requisites of transport, on account of the accessibility which is possible at aU 
times and at all points of it* Accord in glyj owing to the variety of the degree in which in- 
dividual reqairemeots make themselves felt tbere can be no single method of transport which 
uan be pronounced to be tbe best for all possible cases. Also, even if we are clear iu any 
given case as to the precise weight to be assigned to the several transport requirements^ still 
we are not able to find a common unit of measure either for their amount, nor for the degree 
in which they are fulfilled. However, the degree offulfihnent of many of the requisites of 
irftoapori may be expressed as a monoy-vatue. Thus, for example, safety may be represented 
by the amount of the insurance premium payable. The advantage of great rapidity of travel 
may be expressed by the saving in interest of the cost of goods, or in the wages of the pereoni 
transported by the train ; as may be seen from the following example, 

Sappoa^ & common cart trareli 30 km* on ft road ia. 24 hoarOf and that & goods* train oti a raUwAy doe* 
300 ktn- iu the same tiiue j then iix c&rnage hf thi> railwaj there ia s Raving of 03 da/ per km. This saving- of timp, 
MSnmjn^ m rate of interest of 5 °y^ represents a taring of *CKKH^/o- Thus for mcrohandisa costing IjCXK) M.f per 
toane tli«re U a aaTin^ gf '4 pfenaif per tonv«/kin. F^r paas«>ii|ref-limffic cm lueh & railwftj blwr« is per km, m Mxviag 
of time, aa compared with the d oration of journey on a road, of 6 minutes; wMob, BSiummg an average value of 
50 pfennig for the workltig-iiour of the iadlTidiuli travelliii^r ^ equlyalesi l(> a. f^vi&g ol & pfemjig pftr 
paaeenger'km. 

But hy such a calculation as the above the advantage of increased speed of travel 
ia really insufficidntty estimated, llie greater mobility attainable by indiiridmals, and 
the poeaibility of being able to rapidly despatch guoda ituinediatelr when wauted without 
being compelled to hold stocks for each probable demand— unadvoidably involving the loss of 
interestj depreciation of stock j and expense of warehousing— and the increased distances to 
which perishable goods can be transported, are some of the advantages of increased speed 
of transportation which can not be precisely represented by any definite figure. The same 
holds good of the advantages of greater regularity and better preservation of the goods in 
transportj and as regards passenger travel, of its greater couvenience and comfort. 

From general considerations, thereforej we find ourselves re^trictetl lo esttttiating the 
degree of the perfection of a mode of transportation on the basis of the amonot of the cost of 
tranaport, which item alone is determinable with any ci^rtainty ; and the other advantages 
due to improved transport must afterwards be taken account of by an approximation. 



§3. 
The General Problem of Location. 



The cost of transport is made up of the direct cost of working,/, per transport-unit 
(tonne-km., or passenger-km.), plus the interest on the capital cost A, of the installation 
requisite to carry on the business of transportation per transport-unit. This interest on the 
capital cost, at an annual rate of interest, i, and for an annual volume of traffic C, amounts 

to-^- 

The cost per transpoi-t-unit is, consequently, 

The direct working-expenses of transportation, /, are dependent on the amount 
the capital, bo that / = JP (-4), and therefore 

h^F{A) + ^ (1) 

The problem to be solved is to make this expression of the cost of transport a 
minimum : in other words, to evaluate the expression (diEFerentiated with respect to A) 

J'(^) + ^ =0 (2) 

If we take various amounts of capital as abscissae — ^Fig. 1 — and the corresponding 

At 
values of -77 as ordinates, then the ends of these ordinates will lie on a straight line A passing 

through and slanting upwards from the origin of co-ordinates. 

If, further, we lay off as ordinates above J, the several working-expenses, /= F [A), 
corresponding to the several amounts of capital, then we obtain the curve B C B, 2kS the 
loeus of the ends of these ordinates. The lowest point, (7, of this curve for which the working- 
expenses, k = DF + FC, is a minimum, determines the most advantageous outlay, D, of 

capital ; and consequently expresses graphically the condition F' (^) + -^ = 0. 

But this solution while most advantageous politico-oconomically, t.c, best serving 
the general, public, or communal interests, is not so for the capitalist investing his money as 
a speculation for gain in the transport business. He desires the wiitTim nTn dividend, d, 
on his capital in addition to the current rate of interest, /. If c is the freight or rate per 
unit of transport, then this dividend is 

c[e-(/^^)] 

d= 

or, inserting / = F[A), 

d=[«-(i.M) + ^»)]§ (3) 

which becomes a maximum for the value of A determined from the equation 

AF' {A) + [e'-F{A)] = (4) 

If in Fig. 1 we lay off the rate e :=^ E, and draw the line B K L E parallel to the 
Z-axifl, then J K, or L, respectively indicates the gain at the customary rate of interest 
on amonnts of capital per transport-unit which yields the capitalist his dividend. This 
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"Sividend may be either gj~ or ^^j pap tmit of capitalj and ib attains it3 maximttm for 

a capital A = Gj corrospondiog to the paint J in which a tangent drawn from Bio the 
euFFe B B of working-expenses toach@3 this latter. 

If the capitalist invests his capital to the amount most profitable to himself, i*e.^ to 
Gj then the working-expenses GJ incurred are greater than those represented by DC^ corres- 
ponding to the capital^ D which is invested most advantageously from a politico- economic 
point of view ; and under f^heae circumstances the capital invested in transport does not 
yield its greatest possible degree of productive benefit Only the fear that through the 
competition of other carriers the nuit rate might be depressed below the amount represented 
hj E would lead to the outlay of a larger capitaL And only the apprehension that 
the freight might be so lowered to the point at which it would give only the customary 
interest on the capital — ^viz* that the rate or charge per unit might sink to C D — would induce 
a carrier capitalist to lay out capital as largely as it would be in the public interest 
to do. 

In order to moro cle&rty illiiQimte tliQ above, leti th^ syiabot F (A)j reprcaenti&g the relation between wod^ 
ing-e^peas^i and the amouTit of the confltructiou-Cttpital be repla^jed by Bome arbitrary and defitiile qaantitiy. Thus, 
let the working-expenses per tonne-fcra, bo/ = F'{A}^ ^O-QlS -h — - \ M. Then for a traffic of = 800,000 tonnet, 
and with a rate of intereflt i = 'OS, we obtain from Eqn. 2 tJie amount of capital wMc^ would be moit profitably 
or bonoficially Invested from tb<! point of Tiew of the ptiblio interofet or A *= 126,500 M. per km, nnd the 
«Oft of tramBportation per tonne- km. waald be/ ■■ *0229, 

A pririite concern uharging a froight-rate, »<04, would lay out advaufcageausly (Kqn. 4J only % kilometrical 
capital 1 - 80,000 H.j in >vhich ca«o, putting the working -expeiiBc»8 at -0275, a net profit of 

800,000 ( 04-0276) » 10,000 M, 

would be ohtained, thna gm ng a return of 12^'°/^ on the on.pitii.1 invoited. With the politico-eoonomicttlly moat 
adTantageoUB outlay of capital, the net profit weuhl be greater, namely 

800,000 (-04- -0229) = 13,680 M-, 

bat tlie return cm tbo capita) wonM he only lO'S^/^* Witb the c^apital ItiYefited in the mannor most advantageous 
from a politico-economic point of viow, at tho usual rate of int*.*r©st of 5'-* ^, the net ret a ra is 7,355 M*i but in the cave 
where it ib invested Bolely for private benefit the return ia only 0,000 M , eo tbnt llio private coterpriie, politico- 
economitmlly^ will produce le«s profit by (7,315- 6^000) «»1| 335 M. antmftlly, per km. 

Now in the iutcrcsti of the pobllc ami at the n^ual rate of intermit on capital, as high a net rettti-n m 
poBftible should be aimed at; who roan the private speoulator, on the contrary, desires the profit yielded per itnii of the 
ifwested mpittd to he at large as poaaiblo ; hi« object is not the maiimum gross profit depending on the absolute 
amount of capital iuvcsted^ It ia only the apprehension that the freight'Cbarge might be redaced through the 
competition of aome other party that i& sufficiently jiowerful to induce tlie private promoter to invest a greater capital , 
ad flo determine him to introduce a higher standard of efficioncy and of type into hia undertaking and mode 
' wurkiiig. Were it likely that the frcigbt-rate might fall to S5 ho ^vould liave to increase his invested capital 
to 100,000 M. 

Now since in railway-working outaide cotupetition is praoticallj iion-existont and 
a railway may, up to a certain degree, be worked a:^ a monopoly^ it is evident from tbe abova 
iavestigation that tbe most complete development of the railway macliine cannot be looked 
for from private interest alone.* 

In weighing the question whether State KaUwajs or Private Companies are tbe 
more advantageoua and preferable the above fact is of great importance; however, there 
are other standpoints from which the question must be regarded ; and il cannot b© denie'd 
that tho rapid development of railways has been promoted by being enlmsted k> private 
hands. 

In the problem of developing transport it is ihe g^i^eral benefit and noi tiiai of 
the private individual which nhould under all circumstances bd tdktti into consideralkiti. 

Xf we knew the fonn of the function F (A) mpgmtm^mg the connexKm of Ae 
senses with the capital cost of a line it wouM W fomMe to determine under ^ 
nstances for any given volume of annual tim&d ^ wwl iiiitable, Ctf^ die maJtm 
"capital to be invested, 

[• S«e in thk connexion { lf» ^ !&— T*4 
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Bat such generality of the f onotion F {A) is not conceivably attainable : since it 
depends on the character of the road, of the vehicle, the motive-power, and the location. 

In the following investigations the condition of the tracki of the vehicles, and of the 
motive-power, will be assumed to be known ; and we shall determine the cost of transport or 
working-expenses solely from the form of the Trace or centre-line. 

Th^ae investigations form the Theory of the Trace ; and from them are deducedi 
certain rules and principles for the location of the trace. 

The financially most advantageous location of the line is determined by the traffic- 
conditions of the region and the character of the ground. 

In order to obtain a clear view of the dependence of the Trace on these two funda- 
mentals it is necessary^ temporarily, to leave the actual character of the ground entirely out of 

sight, and %o assame the ei^istence of a perfectly horuontal and uniform ground* 

The best Trace for the purposes of transport determined on this assumption is termed 
the GPXnxnercial Traoa* This lin^ when subsequently altered and modified as the actual 
feature! of the ground may render necessary is termed the Teohnical Trace. 
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§ 4. 
The Market Area, 



The conditions governing fclie distribution and settling of the popnlation over any 
^area are dependent on the nature of its economic activity : and when this activity 13 
engaged in the cultivation of the surfaco of the ground aud in the husbandry of land and 
wood and on many kinds of handicrafts and small raanufacturoa tbia distribution is to be 
aesumed as unifonu over the area ; although, as a matter of factj the population nsually livee 
colleoted togetber iu small hamlets, and the number of the inhabit an tg per unit of area, or 
density of population, varies according to the local conditions* Another part of the popu- 
lation, namely that, which is engaged in wholesale comniercej the various professions of Art 
and Science, and that which consists of merchants and officials, lives collected in towns. 

According to the Census of 18B0, the population of Germany amounted to 45,234^061. 
Of this number 12,971,554 inhabitants formed town- population , distributed in 613 towns 
having a population exceeding 5,000; and 32,262,507 formed the country population; so that 
for the area of 540,522 km* there were on an average GO inhabitants per square kilometrs 
(qkm.) — excluding the town-population) and 84 inhabitants including it. 

The exchange of commodities between the town-population and the country forms 
the local or Market-traffic^ in contrast to the Wholesale or bulk-traffic which is carried on 
hetween towns. Each town f-irma the maTket-ceotre or centre of sale, aud the area 
surrounding it is its market -area or area of sale. 

Notwithstanding the apparent irregularity of their grouping the location of these 
market-centres is not by any means the result of chance. These sites were originally formed on 
the basis of distance o£ a day's journey apart, so that it might be possible to make the journey 
on the sftme day to and from the most distant points lying ou a line half-way between two 
market-centres and to provide in the case of long-distance merchandise and Journeys safe and 
comfortable places for passing the night* The worse the roads were^ the closer together lay 
these market-centres ; so that in mountainous districts or in those having difficuitrground they 
occur in greater proximity to each other than in the plains or in easier ground, Al^jug with 
these general principles influencing the choice of market-sites there were manj iuflueutial local 
conditions which decided t^ie matter, such as a convenient river-cn^ssing, a useful waterfall, 
the confluence of two valJeys, the access to a mountain-pass, a gaod harbour, strength of 
position affording protection against attack, a mine, warm or medicinal springs, and so forth. 

The limits of the market or sale-area are determined by the price of commodities at, 
the neighbouring market-centres or towns. These prices, in general, are not the same. Al^o, 
the commoditiea despatched from the market-places under the influence of competition have 
not^ per unit of weight, the same intrinsic value. 

Consequently, assuming that there is everywhere an equal degree of accessibility, 
there will not be paid, in general, for the transport of equal volumes of the merchandise of two 
neighbouring markets mutually competing, the same price per unit of distance. 

If in a market A, a commodity is sold at a price p, and transported at a cost/, then 
at a distance a from the market-place it will cost p -h/ x. 

If at a neighbouring market-place -B, an equal volume o£ merchandise is sold at a 
price pi and the transport-coat is /i, then at a distance %f from the market-place it will sell 
3 
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for pi +/i V- Th© limits of both market-areas, or areas of »ale, will cousequentlj be deter- 
mined from the equation 

p +/« - pi +/i y- ..- — **. (5) 

The locus of these limits forms in general a dosed cur7e — Fig, 2 — about the place of 
origin of the cheaper raercbatn^ise, the unit of weight of which has the lesser money-yalue, and 
from whicbi therefore^ an ocjuivalent volume at the higher rate is despatched. 

This cnrve is of the fourth degree — called by Des Cartes an ellipse of the second 

order. It is the vertical projection on a horizontal plane of the line of penetration of two 
circular cones having a common vertical axit^* The asis^ — ^J^'^^g in the line joining the two 
market-places of the rurve^ — is of tho length 

where a is the distance apart of the two markets. 

If the two commodities are of equal value so that/^/j the boundarj of the market- 
area is no longer a clos'sd curve but a hyperbola of which tho concave side is turned towacde 
the market at which the higher price prevails* 

If the original selling prices at both the market-places are the same then the 
hyperbola becomes a straight line intersectiog at right angles and in its middle the straight 
Kn© connecting the markets* 

The boundary of the market-area* forms a polygon of which the number of &id 
corresponds to the number of the adjacent market-areas and the sides of which are, accord- 
ing to circumstanceSj ellipses of the fourth degreoj hyperbolas^ or simply straight lines. 

As we have in Market traffic to do with a great number of different goods for 
each of which, according to the local difference of price, the market-limits are different; and 
gince the difference in price even for each indivi*luaJ commodity undergoes variations with the 
season, so the limits of the market or sale-area are not to be regarded as sharply defined 
lines; nevertheloBSj they will assume a tolerably definite shape for the commoner kinds of 
merchandise in use, which only in the course of time and through the changing economic 
importance of the individual market-towns undergo a gradual alteration; whereas by the 
-eonstraction of land and water-ways of communication^ or of railways^ th^ frequently 
undergo very considerable modifications, as will be shown in what foUowa. 

The areas of import and export, or of production and consumption, of Wholesale 
traffic extend far beyond the boundaries of single market-sitesj and for m^y kinds of 
Tnerchandise are of unlimited extent. 
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§ 5. 
The Area of Influence of Roads. 



When a district is everywhere of uniForm traversability and there is a uniform 
intensity of traffic, tlie necessity arises for better roadgj firstly, on the lines leading from one 
market-town to another ; because they accommodate not only the local retail4raffic bot also 
the bulk-business. I'bese lines constitute roads of tlie first order > and form a network of 
triangles of which the sides raJiiitej from the market-places. The districts lying within these 
triangles, are disadvantageously situated as reg-ards accessibility to the three market-places 
flnrroundtng them ; which occasions the establishment of markets of the second order or 
subordinate markets which atti-acfc to themselves in their immediate environs a small local 
traffic with adjoining market-towns. These market-apots demand a good system of conneKions 
with the neighbouring market-to wn^j and this demand gives rise to the construction of roads 
of the second order- 

If there exist natural or artificial water-ways, or railways, then the loading-up places 
thereon — or ??tations in the ca.^e of a railway— form the points of origin of roads which may 
be termed roads of approach or access. 

With the present extension of railways roads serye almost exclusively the market- 
traffic ; and their financial value as productive works depends on the size and the coniniercial 
importance of the district of which they bring the traffic to the market-town. 

For a point Plying off the road M ^^Fig» 3— the traffic will not go directly to 
the market along the line P M, but will first go to the road by the line P B and then from B 
will make use of the road; so that if / is the rate of freight across-comiti-y (no made road) 
along PB^ and f^ the rate on the road A Mj the rate for carriage to the market is 

k^fPB^f^ BM 

or, in^roduciixg the lengths represented in the Fig. 

ft = /(^» + ^»)^+/, (c-(r). ... ... (6) 

Now the new road must deriate froija and be inclined to the perpendicular approack 
at an angle » such that the cost of carriage will be a minimntji — the condition for which is 
given by differentiating with respect to ir, etc. ; thas 

whence 



Bin Of = 



=^ 



(7) 



If tlie line M F be drawn at the angle ci to the road then the traffic from all points 
in the part of tlie area served by the road lying on the furtlier side must be directed per- 
pendicularly towards this line M F; which, consequently^ is termed the Access—, or 
Approachfronti of the road. The cost of carrioge undar these circumstances will be 

fc=/.PB+A *^ 



sm» 



mid inserting the valne of sin cf = -^^ 



k=f.PD 



namely, the ccst of carriage is precisely the same as if the journey had been made across- 
eonntry (no road) in a direction perpendicular to the Appraach-Jront of tbe road. 
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Consequential for determining the location of tho road the radial Hue of access to 
tte market-place is no longer the determinant oE the direction and cost of the trans port ; 
but in the plaoe of the market-town we have the road's Approach-front which is reached 
perpeDdicnlarly. 

The boundary between the areas served or controlled bj two neighbouring roads 
radiating from the market-town — assuming a uniform passabiUty of the ground — ^is a 
straight line radiating from the market-town and bisecting the angle formed by both roads 
at the market-town* And since the boundary facing the neighbouring market-town of the 
area served by the road mu3t ba a straight line cro^^sing the road perpendicularly^ the road- 
area of influencOj or area served by the road, is congeqnentlj divided by the road into two 
rectangular triangles. 

If M A B — Fig. 4.— be the half of the area served by the road, M F the 
Srpproach-front of the (raffic M B = l^ the length of the road A H ^ e the breadth of the area^ 
and 7 = the volume of traffic arriving anrmally per unit of area served by the road — which is 
the definition of the teim ''traffic-density*' ur *' intensity *' — then the volume of business 
for despatch is 



Q = 



_ yd 



2 



and the total transport- cost is the same as if the volume of traffic had to be transported from 
the centre of gravity, (7, of the triangle M A B along a rough earth-road, G Dj perpen- 
dicularly towards the road/a approach-front ; consequently 



or 



jr= 



^yfcj (l 



i sin oc -h 



C cos Of 



) 



If the road's areas of influence on both 'sides are equal and if h = 2c, {,e,, the total 
width of the area served by the road up to the market-boundary^ then the transport-cost for 
the whole area served by the road will be 



•=7/h( 



I sin 



+ 



h cos 
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In order to obtain the total annual outlay for transport within the area served by 
the road the interest on the capital sunk in the construction of the road plus its cost of 
maintenance must be added to the actual transport-expenses. 

If ^ is the amount of capital sunk per km., — i.e, the bilometric constrnction-cosfc — 
and i the rate of interest thereon, then the lutei-est on the capital = A i L The main- 
tenance charges per km* =? J^ + /i C, where /> is a constant, /? a coefficient, and G the 
mean annual volume of traffic, Since tlio whole traffic only makes use of the road on the 

average for two-thirds of its lengtlij G is to be put = ^-- 



Accordingly, the total sum of the costs of construction, miiintenauce, and transport is 

O lit o 

Whence, after dividing by the volume of traffic '^^^-^ ^to obtain the cost per unit of weight — 

w© have 



o" ti yb yb d 



(8) 



Iq the above, the first terra represents t!ie moan cost of the transport by road; the 
the second term, the mean transport-cost across -conn try up to the road; the third, the amount 
of the interest an the capital incident per unit of weighty the fourth, the amount of the 
constant part of the maintenance-expenses independent of the traffic j and the last term ia 
that part of the maintenance-cost of the road dependent on the amount of the traffic* 
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In order to determine tli© most favourable density of the network or system of 
roads, we have to examine for what value of h the expenses^ k, incident per unit of traflSc 
become a minimum. Differentiating with respect to b and equating to zero^ we obtiiiu for 
the most suitable value of h. 






+ JS) 



yfooBt 



.-. (9) 



Since there are I kms. of road in the area - served by the road there is, consequently, 

2 
a length of road ^ = r per sq. km. This quautity is defined m the *' density" of the road 

system. 

The moat advantageous density of the road-network is consequently 



** ~ V 3 {Ai + B) 



(10) 



and is thus proportional to the square-root of the traffic-density, and inversely proportional 
to the square-root of the cost of constructing the road. 

tf the arer&ge co«t of canriugt^ per tonDe-kin, on roadit be taken at 20 pL and on rongh diftdct-roadfl at 60 pf.^ 
then oc ^ '25^ n-nd coi a = -^^^ 

As a matter of fact, the traffic-density is not constant as has been assumed in the 
above investigation, but diminishes according to some law with the increase in the cost of 
transport^ and therefore, with the distance from the approach-front ; so that the C» G. of the 
traffic is nearer to the market-place than is the C. G. of the area served by the road. Conse- 
quently, we shall be more correct if we put, saj, 2 (^t -(- 5) instead of 3 {At + B] for the 
moat advantageous density of the road-network in the above formula ; so that if we assume 
cos '^ — 1 a^ sufficiently exa<:t the expression becomes 



^^V 2 \Ai + B) 



(11) 



If we ftsanme that tbo tmffic-detisHj aroragoa 100 tuanea per aq. km. and taJee tb^ ktlomGtfic ociit of coa- 
stniction of the roads at 12,000 M.^ the rate nt intareat at 4 ^U^ tho mamteQanco-axpenees which are cguatant and 
independent of the traMo at IfiO M.^ then the moat ad rentage ou& densitj of the road Bystem U 



■ V ^ 



loaxU'S 



(12000x-(H4l50> 



On this principle the maximum length of the German network of roads ought for the 
empire's area of 540,022 sq, km. to amount to about 135,000 km. Up to the present this 
extent of roads has not been reached. 

Butj raanifefitly^ imch an approximate method of calculation aa the above, resting 
as it does on uncertain gtiesses at the average traffic-density and on the pustulate of a 
nmform horistontal surface of the ground baa little practical value. The important result 
arrived at ia the proof of the law that the moat adYangeoua density of the road-network 
is a functian of the square-root of the traffic-density and the oonatructioE-cost ; and the 
prominence of the fart that there is a limit to road*making which for financial reasons 
sbonld not be exceeded - and that in the construction of roads we must not allow ourselves 
to be carried away by catch-cries such as *' Every village ahould hare its own connecting 
road/' 
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Watof'Ways of Communication. 



If mn-f^^M, m4 i$mmtiy hy iks mum imsm from ihm unlcn d in^ wkaff to the iiMtiiia i iiMi of 
ttm mt^^iimMim* 'ftm &M «f tl^i* kMndinff sod Mbjadtng we ilsall eaU m par tonne, and tfia 
m^ *A mnk^ pm iwn m n k m* m Ifct wmm-mwf^f^. Siaei tkb nto /, amy tie teken ai^ 
i»f ^ 2 f(l. iiw i f f l PfldM ll f fiowt Cor mmm hf tmigli roadi onfy deriMet bf a verf onU ai^le 

U*m tHirn t\fw *d 4>rmiifm *4 Um m^ft^mff tinea for thii angle we haTa 

\t WM tifnw-^m In Wl§* — the line UD parallel la the approaeb-front Jf ^^ at m 

Ahl^imi M If - Y ihitfi llie irmmjHrri'Coti from any point F to the market-town by the water- 

Wii) ^1/ i M itniul hy wht%i wcirtlil Int tho ficttiiil cant af transport on a rough road along the 
liiHi I* h^yi^pifwlhuiUtr in itm jiiirnltiilwi»<« fliNplfitujd approju^h-front H D, 

'I'Ih* \t*ti\tit\nvy liiii* \n^iwhtii\ Lfm |mrt of tlio mark fit- -area, from which the traffic must 
HCpivi* i1in«i'Uy tylUtHii** awrti«iar*i?(i nt hlw wnt<ir-W!iy Uj the tnarket-town, and the area of 
tittlMHtiKK wMnh MiM IV ji fair- way will cniati^ for it«t*If in iJOMKOi|uently a parabola CGFH ol wbicb 

Mm jiaraainliir in li M •" ., (itui of whioh thcr axin OMX cuts tbi^ approach 'front JIf J* per- 

liiiitilidulnrly iii iJui jKUiit Af, and <»! wfiioh tin* apex C lies in the middle of BJIf. Tbe 
ilnirU»iil» itliiiiiiut} UiV whiuh tho watior-way in UMod in 



ilM aj^ 



1 ^ .., 



TkiUK iC liu> tnil Iff Mm 1«Hiill(i|t rimt Hultmilinn pt^r t^^itnc U niptmuul to be u » 150 pt tLis diaUc^ Ib 



ISO 



60- 2 



%\mi\ i lin 



If II roifctl K| fi ruun ptimlit'l to tha waler-way M A^ —Vig. 8 — of which tbeacoass- 
twm% ii W A\ ♦tmn the boutuUry of the tur«a from within which the water-way or tha 
IIMIil l<i «iil¥aHki|t»im«)y uitvHl b a «tmighl line N L 0» bisecting the angle UN D which the 
il^^lMSMfioK fl^H^I of Uu^ r^Hiil U K mvkm with the lUaplaoed approach 4ront, B D^ of Ike 
lHrter*wi\v rh«* •iiialtf^l dtel4iucw if L tor which the wator*way can be advantageoasly 



Tliilil n »>» » ^iwy> m vx^iiN|iMi|iM wMt iwils Ww the adirantag* only for tjbe i 
*^MitfNk# ^y^ pw'ffiw^M nl III* 1 
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[*• Wo have frequently pointed out fco our readers how thD steady growth ia the power of locomotivea &E)d 
ibe weight of trainfl Lbb reduced the cost of moving freight by miU The firat triamph of the locomotive waa as a carried 
of paB»eng^r traffic. There were riiiKvay tnanagen in the early days of the railway era wbo cotitendcd that only high- 
ola«fl fi^ight eoiild bo economically hauled by mil. To this day, in England and on the continent of Europe the 
inland waterways ax^ able to carry freight as cheaply ot more t^heaply than eompeting i-^lway lines, American rail* 
ways, bowever^ have developed far beyond thoao of any other country, and American railway manage ra have proved 
to the world that with the steel rail for a roadway, and flteam for a motive power, freight can be moved far more 
cheaply than in any urtiJieial waterway or river cbannoh The modem American freight train ia in fact excelled only 
by the veisels on the Great Lakca and on the ocean as an economical machine for the transport of bulk freight. 

Unfortunately this fact Is not as yet clearly understood^ save by the few who are conversant with recent 
progress in the railway field. It will probably surpriae many engioeers even to learn that this new IllinoiB Central 
locomotive is more than twice as powerful as the largest locomotives of fifteen years ago, The fact t> that railroading 
hack in the *70'« and European railroad praeiice even at the present daif tV to^ railroading in tompariean with the \oork 
nine hsitt^ done on Awterican railways of hea\fy frujl^i* 

We have recently presented facts as to the very low rates which have been charged for bulk freights on som« 
American railways. In our issue of Ana;. 17, we showed, for example^ that the average rate of the Cheiapeake & 
Ohio R. R. for all coal shipped to the seaboard tn the year ending June 3U, 1899, averagEHl only 2^21 mills per ton -mile. 
It is sometimes arguedj however, that these rates really rcpres*jnt business carried at a loss. It is said that railways 
oarry at lesa than coat traflfie of this class, and make both ends meet by ohnrging exorbitant nates on high-class mer- 
chandise. It ii our belief that this is far from being the casej and that the moat profitable hnstness which the 
railway can handle, provided only that it is obtainable in sufhciently great volume, is the movement of through bulk 
freights in tie hcadcst possible train loads. Tlic cost of handling traffic of this class cjin be very closely oecertuined, 
and the profit upon it can, therefore, be accnrate!y known, while the cost of bundling small shipments of high*cla«s 
goods is made up of such a multiplicity of items that only an approximato idea of its total amount can ever be reached. 

We have shown above that the railway can carry freight at lesn cost than any inland waterway, river or 
oanal. The attempts to revive water transportation in the face of rail competition are doomed^ therefore, to only a 
temporary snecess at best. In the end the law of the ''survival of the fittest'' will prevail, and it will never be the 
steel roadway that will be given up. On the contrary, we have directly before us in oar old time canals, the last of 
which arc now being abandoned, practical evidence of the railway's economic superiority* 

The last argument of the defender of the waterways, however, is that these must be kept open in order that 
th^r competition may keep mitway charges down to a reasonable figure. We are told again and again of the iuBnence 
which the Erie Oanal has exerted in the past as a regulator of rtiilway tariffs, and it is said that it would be profitable 
for the public to keep natund and artificial waterways opeii, even if not a pound of freight were carried upon them, 
merely for the sake of their infinenco in lowering railwsy rates. 

Such a policy, however, would be extremely short -sightod. The railways have passed tb^ point where tbe 
-competition of any artlSeial waterway is of serious moment to them j and that an abandoned waterway, with no boats 
moving upon it, conld SuiYe any Jieiious influence opon railway rates is a proposition absurd upon its face* 

Besides this, however, it is, as a matter of fact, against the public interest that traffic should be diverted 
from tbe railways. The right of the Government to fir and regulate railway rates has been fully establisbedp and the 
principle that such rates should not be in excess of what is neeessary to pay the operating expenses, and a fair retnm 
nn tho eapitaJ invested, has also been plainly laid down in coart decisions. The proper method to regulate railway 
rates, therefore, is not by trying to create competition, either by building parallel rsilway lines or inferior water 
routes, but by the direct exercise of Government control. With this eJFeoted it will be foj- the direct interest of 
tbe public, as well as the railway owner, to preserve and increase the volume of traffic moved by rail. Diversion of 
traffic to waterways under these circumstauaos, means higher rates for freight moved by rail^ since tbe cost df main- 
tenance of way and fixed charges has to be borne by a smaller volume of traffic.— (New York) En^, Newi t 3tf, 
Ocioher 1899* [For another view, however, see Append iat, p. 570 

[See sJao **Cbemins de for: notions general es et eoonomiqiios: ** L^oo Loygae* Baudry t 1892* — Cbap. IV : 
<iOmparsison entre les chemins de fer, les routes et lea voiss de cavigiition int^rieura.^Ta*] 

[* The italic! are inserted*— Tk.] 
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§ 7. 
The Railway Area of Influence. 



The accessibilitj of railways is distinguished from that of roads and water-wajs 

wliich latter are, in general, acceaaibl© at every point in tbeir length — by the oircamstauco 
that the former only permit the arrival and departure of traffic at fixed individnal points in 
their length, termed stations. 

Suppose a railroad MA B^ on which there are stations A^ B^ 0, etc., radiates f ram 
a market-centre M — Fig* 1* If the rate of carriage on the railway be/g per tonne-km, and 

the cost of loading and unloading per tonne is u then the cost of transport to the market- 
centre from any point P — the merchandise meeting the railway at A — is 

ft+Z, a^f.AP. 

Aud for a direct journey to the market by common road it is 

For any point P in the boundary of the area served by the station A we have^ therefore^ the^ 
condition 

f.MP^ti^f^a+f.AP 



or 



MP-AF= 



u-\-i\ 



The boundary line, DPE^ of the station-area — or area feeding the station — is therefore a* 
hyperbola: and similarly, the bound ary-line^ FOff^ of the station-areas A and S. 

If the Qharge for cani&ge on railway* U4 pf. per toana-km^ and the diatenco cd the fir«t tftatEioii, A, from the 
iBSrIeet it 6 km., and if the coat of tUo londiiig aiid unloading is put at 150 pf. then we obtain the dittaoco, M B.upUy 
wbicb the railivay is uauted from the equation 

I604^aic44^ {^-MDjm^M D.m 

wlieacft 

Jf I>-4 kmi. 

If, however, a cart-rowi rui pwftllel to tbe railwaj then tbo first station A would not be need at all for goode traffic; 
XwoiUd bo th« point lying between the first station A and second station B— the latter 12 km. diitaiit from tha 
foarkot-cantre Jf— at which the tmffitj wt.nld first turn to this latter station and take to the railway ingte^dof going 
direct a« heretofore lo the market-oenlre by the parallel cart-road, 
Tor the distancei M }\ of this point we hava 

150+ 12 K 4+ (12 - tf f7 20-20 iff F. 
whei*o* IfF^-Ilkms, 

Thus railways and canals cannot replace the couDtrj? -roads for small market-traffic* 
they are only of utility for the market-business of large towns of whicli the feeder area h 
large* 

For every 1^000 of the 12,971^554 inhabitants of the 612 towns in German j having 
having a population exceeding 5,000 there ^^ on an average for the entire area of Germany, 
41 '7 eq, km. So that a town of 10/tOO inhabitanta will have on an average a business- 
producing area of 12 i km, radius ; whence it follows that^ in general, only at towns of this 
sii^e is a railway of any utility for the petty or market-traffic. 

The greater economic value of canals and railways is based on their handling of bulk* 
traffic ; and this the gradual reduction of the cost of carriage has carried to an extraordinary 
degree of development*^ 



T)» fas* RM« is 



Ti«r. 7. 




Fiff. 8. 





1^ 

If a commodity will bear an outlay on transportation of v, then for a rate fit can be 
despatched, radially, up to a distance ->, and consequently possesses a distribution area 

V^ IT 

~~ As the volume of traffic transported is proportional to the area of distribution it 



follows that the volume of the goods-traffic increases inversely as the square of the rate of 
carriage, and the number of tonne-kms. increases inversely as its cube. 

The introduction of railways, which now (188G) carry goods at an average cost of 4 pf. 
per tonne-km., should accordingly increase the volume of merchandise transported 25-fold 
relatively to the road cart-traffic working at a rate of 20 pf ; and for certain descriptions of 
bulky goods for which the railway charges little more than 2 pf. per tonne-km. the volume of 
traffic might even be increased a hundred-fold. Certainly for all classes of goods the increase 
of traffic would not be in this proportion either because there were not enough of it ox 
because its transport-distance were diminished through the competition of neighbouring 
foci of production, or owing to the levying of octrois or tolls, etc. 

The assumption of a uniformly distributed density of traffic or of one distributed 
according to some definite law over the land-area, which has been thus far made use of, is 
only permissible so long as it is merely a question of determining the general laws of traffic. 
For definite problems of location the above assumption can only be employed for the locating 
of forest- and field-roads. In the more complex and far-reaching problems of the location 
of streets, canals, and railways, the fact is to be reckoned with that the inhabitants and their 
consequent traffic requirements are concentrated in groups in the individual localities* 

The Commercial Trace must therefore be determined according to the position of the 
various localities under consid^ation and to the importance of their traffic. 
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The Principle of Junctions. 



The simplest problem in Commercial Locatian 13 the determinatiau of the best lino 
of ooanexion of a locality with an already existing route of traffic. 

If C — Fig, 8— be such a locality and A B the pre-existing route of traffic, the 
problem is to fix the point D in wbich the connecting-line or roadj C2?, shall most advantage- 
oualy debouch inAB; or, in order wordSj to determine the angle a at which this connecting 
line should deviate from the perpendicular C E* 

If the pi»obable volume of mercliandise coming to and going from C annually is 
C tonnea, and the rate of carriage on the junction-liae, C D^ is/; and if of this volume G a 
part A goes in the direction from D to A and another part, B, of the same from D to B ; 
and if the rate of carriage on A B=fi per tonne-km,^ then the annual traffic cost is 

Of (c^ + ar*)* -^Af, (a - X) + B/, (ft +a!). 

If the kilometric construction-cost of the line G I) be K^ the cost of its maintenanca 
per km. P+/J 0, theu^ at a rate of interest tj the total cODstructlon- and maintenance- 
expenses per annum are, 

{Ki + |T+ ^ C) (c^ + ^^)^ + /?, ^ {a - a;) + iSi B (6 + x). 
The sum of the traffic- ami construction- expenses is therefore 

Hiis is a minimum when 
And since 



To illustrate the above, let a uumerical example he taken. 



.(13) 



At a perpeadicalar tJiatunce, c ■a 2 km. from a road A B thero m a village C of 1,000 in habit ants from whiLh 
ft road ifl to be niado eoanetiting the different diitrictB with tbo iiiaiii road. Let iT be « 50O0, U = 100, ^ = O^j 
/^ *6. It ia aarame^ that 1,500 tontiea will bo annually tra&BporUd on the noad, of which 1,300 moTca in tho 
directtoti A , and 200 in tho direction B. For tbo road A B, 0, ^ *03 and /, — '20^ m that for a rat© of interest at 
^Voi i'<^*j * ^ **^*t we obtain 

(1300^200) X '23 __ _ 
"*^ ^ " 5000 X '04+ 100 + ISlXJ X "SS ^ ^^^ ' 

Aceording]j» the distanoo x from the point of i-c^ctatigular junction will figure out to '4S1 km. and the length 
«f the rend itaelf to 2058m. 

Omitting the amoun*»"<Ji^ +fi) , ( i ci + B b) — conitont for auj direotton of the junction -road— the total 
expenaca fof this poBition of it i* 

8 « (5000 X '04 4- 100 + 1500 X '53) 2*058 *- (1300 - 200) K "23 X '483 *= 2,101 M. 

If ihe janotioii wel-e made perpeadioularljr to the road the eokt would be 2,160 M. or 50 M. greater thua tho 
lieti 4>r Iheorctie position* 

If tho janction-road bo metalled at an outlay of 14,000 M. per km. then tho moflt advaatagooua direction 
ii given by 



sin ex *« . 



(1300- 200) X '23 



, - '24 



14000 X -04 + 150 + 16O0 X 2^ 
und ifl conseqnontl/, ooaaiderabty greater than for an unmetalled connect ing-roadi 
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In certain CMea two oonneoting-roads, may be more advantAgeoas than one, the one going towarda A andth« 
«iher towards B. 

If in the present instance, the road towards A were pared, and the other towards B unpaved, then ihe 
distance of the jnnction from the foot of the perpendicular wonid be 

_ 1300 X -23 ^^ 



" "* 14000 X -04 + 160+1300 X '23 
«Dd 

200 X '23 



, « 114. 



" " * 6000 X -04+ 100 + 200 X -52 
Bat snch a duplex arrangement would be dearer than a single road, the traffic being so small. 

In the case of an approach-road to a railway the distance between the theoretic best 
junction and the perpendicular one represented above by x is always so small that its calculation 
is objectless. 

Much more important is the direction of the connecting-road in the case of the 
junction of a railway branch-line with a pre-existing line. 

For example, suppose the cost of construction of the branch-line is 60,000 M. per km. ; the annual m«inteD«> 
ance and supervision expense per km. 2,000 M. i the working-expenses per tonne-km. '02 M. Then with a traffic of 
80,000 tonnes, of which 70,000 tonnes mores towards A, and the remainder towards B, we have for determinating 
the oommeroially most suitable junction-point 

(70000 - 10000) '02 
sin a ■■ , ^^ — — '^ 



eOOOOX -04 + 2000 + 80000 X'02 



In most cases it is preferable^ in order to obviate the expense of a new station^ or to 
avoid the debouching of the branch-line into the main-line between stations^ to take the 
branch-line to the station lying nearest to the theoretically most favourable junction-point. 



$ 8. 
the Principle of Nodes. 



If tlie line connecting two places A and B — Fig. 9 — with which points a third place^ 
C, is to be connected — is not as yet built it is preferable to make the route from A to B not 
rectilinear but as A P B, thereby joining the line C to P. The position of the node P is 
fixed froni the Consideratioja that the sum of the construction- aod working-costs shall be a 
minii^ium. 

If on the three rays A P, B P, C P, respectively, the annual traffic be A, B, and O 
tonnes, carried at kilometric-rates of/,/1,/2, M, j and if, further, the kilpmetric construction- 
cost for the three rays he K, K^, K2, and the kilometrio maintenanoe<^spense8 h^ V^ U^, J7,^. 
then the sum of the kilometrio construction- and working-expenses along the line -4 P is 

A^^Ki+ U + fA 
and on the line B P 

B,==K,i+U^+/,B 
and, similarly, on C P 

C\ = K^ % + ?7, +/2 C. 

According to the figuring shown in the Fig. the sum of the construction- and Work« 
ing-ozpenses on all three lines is therefore - 

or, 

S =iA^T ^-B^ (r3 -^-c^ -.2rccos^)* + 0, (r^ + fca - 2r 5cos (e- <^)i .. (U) 

The position of the node P is determined by the two variables r and ^ in this equa*- 
tion. To obtain the conditions for the most advantageous position of P we differentiate the 
equation with respect to each of these variables and equate to zero. 

Differentiating first with respect to r and equating to zero we obtain 

A -^B r--ccos<t> r-6cos(e-<^) 

^1 •+■^1(^2 4.^2 -2rccos<^)^ ^ ^ (r«.H6«-2r6cos(€-<^)*" = ^^ 
and putting 

(r^ + c* — 2 r c cos ^)* = s, 

(1-2 a. 62 _ 2 r 6 cos (e - </>)* = t, 
and noting that 

c. cos <^ — r r= P E, and b cos (e — ^) " r = PD, 

thou ^i-l?i^-C, — = 0, 

or ^1 + -Bi cos7i + Ci cos3i = 0. ... ... (I5) 

A second equation between the expenses A^, B^, and C^, and the node-anglea 
«ii fitf 7i> is obtained by differentiating the equation for S with respect to </> and equating 
it to zero ; we then obtain 

„ resin^ rfcsi n ( €-<^) _ 

^^ (r« + c«- 2 re cos </>)* ^ Cr« -f- 6« - 2r6cos (e -^ •" " 

or 

„ EB_^ CD 

Tifc Bi 8in7i = 0i8m^i (l(j) 
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The above two relations between the kilometric-costs and the node-angles wbich must 
be satisfied for the best position of the node are precisely those which hold between the sides of 
a triangle and its exterior angles. Accordingly, if we form a triangle of the kilometric 
construction^ and working-expenses -4,, fli, Ci^—^^, 10—it^ exterior angles are the 
node-angles required. 

The condition for the best position of the node can accordingly be expiesaed thus :■ — 
The sines of the 'angles at the node mnst be propartlonal to the kilometric constrnctioi^* 
and working-expenses represented by the three rays from the node: or : At the node there 
must be equiHbrium between the three forces of which the magnitudes are proportional to 
the kilometric construction- and working-expenses, and acting in the direction of the three 
rays. 

Mechanically — neglecting friction — the best position of tlie node would be obtained 
if the position of the three places A, B, C, were marked on a horizontal sheet — say^ of thia metal, 
holes bored at these points and threads parsed through the holes and knotted together 
on the npper-side of the sheetj and on the under-sidoj loaded with weights proportional 

to tho kilometric construction- and working-expenses. The node or knot would then be 
brought into the correct position under the action simply of the three weights. 

GeometncaUy, the best position of the node may be determined as follows: — 

On any one of the three sides of the triangle A Tl — Fig, ll^describe a triangle 
of the kilometric traffic-expenses B, C> E, in the manner shown in the Fig. so that the 
kilcmotric-costs He opposite to the angular points to which they corrospond* Draw A 
parallel to /> E, produce B E, and we obtain, ou a larger scalcj a similar triangle ABO of the 
kilometric-costs, of which the apex is termed the Pole# Draw from the pole towards 0, 
the line OC ; then the point of intersection P of this line with the circle circumscribed about 
the triangle ABO gives the position of the node. 

For the traffic proceeding from C the pole replat-es the two points A and B 
according to the direction i so that this Iraflic must follow tho line C Oj but ouly up to the 
node-circle A PBOj beyond which the traffic must divide towards A and B, 

The position of the pole determines not only the direction but ako tho nmomit of 
the expenses. The total cost of working the traffic between the three places ,4, B^ (7, is 

8= A P. A, -h BF.B, +CP.t\ 

Taking the unit in which these costs arc represented in the triangle ABO as the 
unit oE kilomc trie-cost we may put 

3 = AP. BO ^BP,AO + CP.AB 

or by the theorem o! Ptolemy, according to which Jhe sum of the products of tho opposite 
sides of a quadrilateral inscribed in a circle is equal to the products of the dingonals, 

S = PO.AB + ORAB 



or 



S = CO.AB=CO. C\ 



That is, the sura of the construction- and working-expenses for the traffic between 
the three places A, B, C, is the same as if the ant going traffic from one place were carried 
in a straight line up to the pole of the other two places* 

The lines drawn from each of tho three places to the pole which replaces, cyclically, 
the other two remaining places, must intersect in the node P— Pig. 12 ; m that this latter 
may bo determined by the intersection of two such pole-linos. To determine the pole the 
triangle o£ the kilometric traffic -expenses must be so placed on, or applied to, the triangle 
formed by the three places that each place lies opposite to that side of the triangle of 
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I;iloin0tric-cost3 correspondipg to tbe traffic igsuiag from tliat place ; and the kilometric- 
coat^ triangle must be drawn to sucji a scale tUat its side^ Ijiiig oa a side of the trianglQ 
formed by the places A,BpC^ U of the same length as, or is ooiucident with, this latter side. 

So long as the kilometric traffic-^oxpenaes remain constant the polo of any two of 
the three places remaios unchanged in position ; as, for example, the pole ot A and S, 
where¥er the place C may happen to lie, i£ it lies at all within the angle AO B ; so that — aa 
represented in Fig- 13— the traflic Irom the point C — variable according to the position of C 
within this boundary — will always proceed towards 0, 

it C lies on the other eide of the line -4 5, then we have a syramotricallj'ljing pol» 
0^ to which the traffic from all poiuts lying within the angle AO B will proceed* 

If the point C lies within the angle A^AA^ there is no node; the traffic tlien 
goefl from this pkce direct to J, and thence to B. Similarly, the traffic from all points lying 
inside the angle Bj B B,^ will proceed directly to /i, and thence to A^ Also, if the point O 
lies within the two ares A P U tiiere will be no node, and the traffic will proceed by the liu© 
AQB, 

In illustration of the furegoing principle take the following, 

Tbore ie an ttnuafil trafSe between two places, A uml D, aniountiDg to 320,000 tonnes ; botwaen A and € on<» 
of SOpOOO tuimoR; aod betrtocn B and C one of 10»00^ tonQea. Then on the mtroduction of the no4e P thero win be in 
tho raj A P, a t raffle of 350 .CKK) tonnps, in tlio my B F one ol 3t}%000 tontios, and in iho mj C F one of 40,000 tonn&s. 

If a railway ib comtrnct&d on tbe line A P B, tif wbioh tbo kilometric conatraotion^eoat ia 100,000 M. and of 
wfaiob tbe annoftl maiiiteiiBneia und aaperdsioij per km. amount to 2,300 M,^ and on wbicb the workiag-ei|x?liBeB are 
*02 M, per toiiJie-kiiK, Lhetv the kilometiic const rueti on- and working-ejtponMea aro 

A , = 100,000 *e -04 + 2,300 -i- 350,000 x ^03 = 13,300 M, 
B ^ ° 100,000 X 04 + 2,300 + 330,00^ « 02 - 12,000 M. 

If tbe raj C P ii a cart road bntlt at a cost per km, of 15,000 If., and if its mmntenance-eipenies per km* af«. 
150 f '030 with a freight- rate of ^2 M. per tonne-km., tben 

, - 15.000 >£ ^04 + 150 + 40,000 ('03 + ^20) ^ 9,<*50 H. 

Lot the iiatonoe opart of tUes tbrce placce ho A B -- 13 km., J C =• 9 kto., B C =* 10 km. ; tiien, after makijiff tb» 
goomotrical conBtmetion abcvo deseribed, tbe ray .1 P will be fotind to be 7'5(> km., BF = BB7 km., C P^Z^Z km. • &iid 
iho node P Ka« a porpendictilar distance - 3 OS km. ^ from the rectilinear line of con notion A B, 

The total traffio-eicp<^nflea on the tiircp raji are aceordingljj 

7^56 X 13,300- 10. >,S48 
+ 8-67xl2900-ltl,S43 
+ 2T2j< 0,050 » 27,0&4 



Total -"233^455 M. 

The pole ii diatnat 24 07 km. froin C ; wliencc the total traffiq-ojpeiiBca amount to 2407 k &950 = 230 497 M 

It ia worthy of not-o, tbat tbe moat aarantageon* poaition of the node determmed in thia way may rary vertf 
contiderahhj nvithant t\i0 total tramc-expi^nfloi boeoming thereby notably increased/ Thne, for ejcampk, if tbe node 
wore fli^d at 2 km. instead of 3"08 km, i^m tbo lino A B, 00 fclmt th*^ lengths of tho throe raya A P, BF,C P wei« 
zm^ectively 7'28, S*25, and 3 93 km. re spec ti rely, Iben tbe whole traHie- expenses would amount to 

728 j^ 13,800^ 96.924 
+ 3 23 Kl2,90O» 106,424 
+ 3'aix 9,050- 39,104 

Total =242,352 M. 



or about IJ*, o greater than for tbe beit posBiblo poiition. 

In the case of a very heavy traffic and very low congtructioji-coet it is possible 
.that the node arrangement even for the iiio^t favonrablo beat ion of a node may be more dia- 
advautfigeous financjally tlian tho buildin|^^ and working of a line on the siilea of the triangle; 
ftUice the existence of a node inereaf^es, under all cireuni stances, the working- expenses. 

To put thig matter more clearly, let it be assumed tbat the three places A, B^ C, lie 
at the ends of thtj sides of an equilateral triangle of a side unity; and that the constraetioa- 
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cost per km. = A, and that the traffic between every two of these places is in each case Q. 
Supposing the three sides of the triangle were railroads then the total working-expenses 
for a rate of interest i, and a transport-unit rate^ are 

S=^9{Ai+fQ) 

By the establishment of a node the three rays from the places to the node have a 
total length of 1*732, and there is a traffic 2 Q on each ray ; so that the total traffic-expenses 
are 

S, = 1-732 (^i + 2/Q). 

Now the establishment of a node is only advantageons so long as 

Ai>'S7fQ. 

For a kilometrio outlay of 140,000 M. a rate of interest of '05, and working-ezpenses /«» '02 per km., the volume 
of traffic Q mnst be not less than 946,000 tonnes, if the existence of the node is to justify itself. 

If the railroad be constructed on the sides of the triangle the outlay on a junction 
station at the node is saved ; nevertheless^ we see that only in the case of a very considerable 
volume of traffic would it be worth while to construct the road on the sides of the triangle in 
place of the node-arrangement.* 



• The Principle of the Node can bo also employed to determine the best position of an industrial location— for 
example, of an iron smelting furnace, when the iron ore is obtained from A, the coal from B, and the pig-iron has to 
be despatched to C. On this point see Launhardt : " Zoitschrif t des Vereins deutscher Ingenieure," 1882. 

[For further illustration, see the numerical example of the practical application of Commercial Tracing^ 
Appendix, p. 78— Tr.] 
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§ 9. 
The Commercial Trace. 



If a line of commuDication in to be laid down between two points A and B, wletter 
it be a road^ a canal^ or a railway^ by which a traffic of any given amonnt is to be diatribnted 
laterally to the localities laying on either side of it, then its Commercial Trace will form a chain 
of straight lines of varying directions from the nodes of which the connecting lines v?ill 
proceed to the laterally out-lying localitiee. 

Pop each individual node— Pig. 14 — the conditions laid down by the Principle of 
Nodes must bo f tilfilled, namely^ that the kilomotric traffic-eipensea on each of the three lines 
meeting in a node, conceived of as forces proportionate in magQitude to their amounts acting in 
their respective directions, must produce equilibrium at the node. Accordingly, we obtain at 
once a simple mechanical procedure for the determinntion of the Commercial Trace. Plot the 
locations or points in their reapective positions on a thin plate, say, of meialj perforate the plate 
in these points, pass the ends of a thread through the holes in the end- points of the line, and 
load them with weights equivalent to the kilometric traflSc-cost of the end-sections. At the 
same time, through all the holes representing the intermediate localities pass other threadsj and 
load their lower ends with weights proportionate to the kilometric traffic-cost of the branch- 
lines, and attach the other ends of the threads to rings capable of sliding along the above- 
mentioned thread stretched from end-point to end-point. The final position assumed by the 
threads due to the action of the various attached weights will represent the Commercial Trace. 

Geonietricallyj the Commercial Trace may be determined as follows. 

The kilometiic traffic- expenses are calculated for all the branch -lines, and for all the 

individual intermediate section b of the main-line, from node to node, and therewith a polygon 
of the kilometric traffic-expenses is constructed — Wig* 15— in which the rays meeting in any 
point represent the kilometric'exponses of the individual sections of the main-line : the lines 
joining the ends of the rays represent the kilonietric-espenses of the branch4ines from the 
intermediate points. The angle of each individual adjacent triangle is the supplement of the 
required angle at each node* 

Wo begin then by determining the pole for the terminal A and the next-lying 
intermediate place 0, which then takes the place of the two localities A and C, so that the 
total number of the localities to bo considered hss been reduced by one. Then we again 
determine a new pole 0, for the first pole and the next interniediate place D; thus again 
diminishing the total number of localities by one. 

We continue in this way until only tUe cud-point and one pole remain} or, more 
convenienly, we begin with the substitution of two places by u pole, starting from both ends 
of the Trace ; so that step by step a pole is determined from both ends of the Trace, If 
then the appropriate node -circles be drawu for each of the poles — as in Pig, 16 — and also 
the lino connecting the two poles 0^ and O^ywe obtain tbe length Pj Pj between the node- 
circles as a part of the Trace. From P^ we draw lines up to the node-circle in E and Bj and 
from P| towards tlie pole up to the junction with the node-circle P, from which w^e then 
draw the lines P and PA. In this manner we obtain the 'J'race A P P^ P, B, along with 
the branch-lines P C, Pj D, and P^ B\ 

If we are dealing with the Trace of a railway wo have to determine beforehand which 
of the intermediate localities is to be connected with the main-line , eitlier by a road or a 
branch-line; since on the determination of this point the w^hole position of the Trace depends,'*^ 
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Technical ** Fixed Points," Development-Area. 



It is bat rarelj necessarj to investigate the position of tlio Oommerciai Trace for any 
great distance nor for any large numljer of intermedia to localitieSj eince most nauallj in 
addition to the tenninnl points there will be intermediate points through which the Trace 
nnder any circumstance must of necessity pass. Such an initially fixed and obligatory 
inteiTnediate point may be either a large town, a station on a line to be crossed by the Trace, 
an advantageous river-crosaingj a mountain^pasSj or the entrance to a monntain valley leading 
to such a piit^s, the shores of lakes, and so forth. The commercial trace then becomes divided 
up by anch intermediate points — termed technical *' fixed'* or obligatory points — into sections 
for each of which the Trace has to be separately determined. 

Of particular and ©special importance for the position of the commercial trace» — for 
which J of couraej a horizontal datum is postulated^ as already explained — are mountains which 
have to be surmnuuted by means of an artificial lengtheniug of the line. Here the length 
of the trace within the limits of the Development-Area is dependent on the height to be 
surmounted and on the gradient on which this is to be done. The Commercial Trace in these 
circumstances will then be ouly sought for in the sectioua lying outside the development- 
area and will be fixed in such a way that the development-area is reached by the shortest 
route, viz.j the Trace must be carried perpendicularly up to the boundary of the area in 
which development is to take place. 

Suppose the five localities^ for which the CommerciTil Trace in Fig, 16 has been already 
determined, to be divided between V and i?j by a chain of hills of which the bonndaries 
of the area within which the linear development of the line is possible are represented in 
Fig, 17 by the lines K F L and J G B. Then the Commercial Trace from the pole 0^ , which 
latter has been determined for the three localities A^ B, and C^ must be drawn perpendicularly 
to the development-area boundary K FLtin the direction 0\ F* From the intersection^ 
point Pj of 0^ F with the node-circle^ the branch-route C Pi must proceed in the direction 
P^ and be carried on up to its intersection, P, with the node-circle of the localities A and 
0» from where it will bifurcate towards A and C. Similarly, from the pole 0^ the line must 
be drawn perpendicular to the development boundary / G /7j in the direction Oj G; and the 
trace then proceeds from G to P^ — the intersection with the node-circle of the localities 
D and E —and then must bifurcate towards these two places. 

Comparing the trace thus obtained and represented in Fig, 17 with that in Fig. 16 
we see what great changes in form the Commercial Trace may undergo through the occur- 
rence of an intennediate chain of hills. 

It is perhaps scarcely necessary to remark that a trace determined as above is rarely 
suitable for construction without further alteration, The development^area boundaries for a 
mountain chain can hardly be determined with any high degree of definiteness or precision: 
further, the given points of departure^ Pand G are not always the most advantageous for the 
puFpose of development. Accordingly, after carrying out the above construction we shall 
have to examine how far, on technical} ie,j constructional, grounds some alteration^ of these 
starting-points F and tf , for the development would be advantageous ; and then how far the 
altered points can still be regarded as technical fixed-points to which the trace is to be run 
from the pole replacing all the localities lying to one side of the development*area. 

Also, when there is a branch -line to the sea-coast, or to the shore of a lake^ at which 
merchandise has to be leaded on to ships or ferried across, the pole has to be determined for 
all the localities coming into consideration^ and the trace then drawn from the pole per- 
pendicularly to the shore-line. It must then be determined whether the coast-point thus 
found is serviceable as a haven, or whether another place in the vicinity would not make a 
better one ; in which case the pole-line of the trace is to be drawn to it. 
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5 IK 
Crossings. 



^f between the points A and B, — Fig, 18— each of whtch maj possibly be the 
pole for a large number of places — the trace has to cross an already existing line of com- 
nranication then tho Commercial Trace is to be drawn from j1 to J? and from B to F 
according to the principle of junctions developed in § 7, so that the piece E F of the already 
existent line forms a portion of the trace to be projected. 

If the line of communication C i) be a roadj then the Commercial Trace ia at once 
determined. 

But if tho line C I> be a railway, only in rare instances ^ill it be advisable to build 
new stations at the junction points E and F, Most usually, the jnnction will be made at the 
next-adjoining station ; or it may be even preferable to unit© the two points E and Fma, eingle 
point of crossing. 

The best position of the point of crossing is to be determined by repeated graphical 
trials. For this purpose the traffic-expenses on the line E F per km. are to be taken 
somewhat greater than thc^y are in reality^ thus causing the points of junction E and Flo 
move closer to each other. 

This arbitrary increasing of the kilonietric traffic-expenses i« to be c^^ntintied until 
the two crossing-points finally coalesce and form one. 

These crossing-points can also be determined mechanically. Thus, lay down the 
points A and B on a thin sheel^ say, of metal, and perf oi-ate it iti these pornta ; §x a thin 
wir^ on which a ring wrorks, to represent the line G D, ami to thi.^ ring attach foar threads and 
thread them through the four holes Jj B^ 0, t\ and attach a weight to each end corresponding 
to the kilometric ti-affic-expenscSj etc. 

The problem of the determination of a crossing-point may also occur in another form. 
It may, for instance, be required to draw the Commercial Trace between four places J, i?, C, D, 
between which as yet uo road-connexion of any kind exists, to a single crossing-pointj K, 
of aW foar places together. 

Mechanically, the solution of this problem is similarly very simply arrived at ^ the 
four threads are knotted together into one knot, and then at tho sites of the four localities 
♦he threads are weighted, each with its corresponding kilometric traffic-costs. 

By graphical construction, the point of crossing can only be fixed after repeated 
triala. Tha Ootnmt^rci^ Traca with the two nodes B and F is first d^^termijaed, and then, the 
construction repeated with arbitrary ineresj^ings of the kilometric traffic -expenies for 'the 
cozmexiou-Uiua MF^ thus proditciag a mmtual Hf^pproach of these nodes. 

This experimental procedure is to be repeated, gradually increasing the kifometric 
costs, represented by the connexion-line EF, until the two nodes E and jp coalesce in one. 
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§ 12. 
Normal Working-Year: Normal Working-Expenaes, 



The mode of procedure laid down for tho determi nation of the Commercial Trace is 
"based on the assumpfebn that the kilometric cost of traffic is known. Thia cost is composed of 
the interest on the capital in%^estedj and the annual maintenance* and worbing-expenaea. The 
constniction-cost is determinable from an estimate with a sufficient degree of accuracy ; but 
such is not the case with the maintenance-expenses^ and as to the working-expenses^ this 
invoWes an estimate of the traffic to be etpected, to find a correct basis for whieh is v&ry m^ck 
more difficult. Further, the traffic does not remain the same for all time ; but, apart from 
temporary variations, isj in general, gradually on the incre»ee. When determining the Trace, 
which, humanly speaking, ouce fixed is fixed for ever, we must reckon with this gradtml 
expansion of traffic and consequently, on a gradual increase of maintenance- and working- 
expenses which will be brought about by the probahlo rise in prices, if by nothing else. Neither 
the working-expenses of the first year nor those in the remoter future are the ones to be made 
use of, A Kormal traffic year, and the Kormal working-expenses of this Normal year must 
be determined ; and it is this latter, which is a cjuantity invariable throughout all time, that is 
to be taken for the purpose of calculation as the equivalent of the actual and variable working- 
expenses* 

It is easily seen that here we can only get at an approximation, since the law ef thg 
mcreat e ef traffic is not knawn. Only by means of the tictions of a Normal worfcitig*^eir 
and of Normal working-expenses can we obtain a laundatiou on which to base our otherwise 
entirely uncertain estimate, as the following investigation will more clearly show- 
Let the mainteiianee- and workrug^'expeBse* in the first and succeeding years be 
B, Bi3 B^, etc. ; then since the workings expenses of the first year are paid for out 0f capital, 
the sum which at compound interest will defray the working-expenses for all time is given by 



S^ 



i + i 



+ (T+ V^ ^ 



If tlia working-expenses are constant per anuum^ and = B^ then their capitalized 



value is 



8, 



= ^(m.- + (fTTp + •• ) 



On the other hand^ if the working-expen§es increase annually by a constant amount 
by then we should have 



B,.^k B,^2b B, + U 



B, . b 



Equating this sum to that for constant working-expenses B, 

then 

B B, h 



t 1 l' 



aud we obtain for the Normal working-expenses 

2f = Bo + i 



... (17) 
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which actually occur in the n*^ or Normal working-year 

n = 1 + -. ... ... ... ... (18) 

Thus taking the rate of interest at 5%, the Normal year would be the 21st year^ 
and for the rate of interest of 4% it would be the 26th year. 

But if the working-expenses increase annually by a constant percentage {I + a), 
then the capitalized sum of the working-expenses would be 

«=-.[i^"=(m)*^(Hl)'- ] 

Equating this capitalized sum to that for constant working-expenses Bq 

then 7 = ^0 (t^7 

Whence the normal working-expenses are 

^ = *^T^^o (19) 

Equating this sum of the normal working-expenses to that in the nth year^ then 

Whence the normal working-year is 

'''^ '^C'Z^-" w 

Taking the rate of interest % aa K)6, then for a ='01, we obtain the 24th year as the Normal year: while for 
a«'02 it is the 28th : and for aa'OS, the 88rd, etc. 

Manifestly^ the assumption that the working-expenses increase from year to year by^ 
a fixed amount is a more probable one than the first one— -according to which the R-Tinnal 
increase of the working-expenses is constant. 

However^ a determination of the law of the increase of the working-expenses depend- 
ent as they are on the volume of the trafiic and the heights of prices is quite impossible. The^ 
value of the preceding investigation is consequently limited to exhibiting the fact that in 
locating the Trace neither the working-expenses of the first year nor those in even the more 
distant years can form the real basis for the calculation of the working-expenses. 

We m^j fairly assume, however, that the Normal working-expenses occur somewhere 
between the 20th and 80th year. In addition to the uncertainty of the estimate is to be 
added the fact that we cannot reckon on an invariable rate of interest. But uncertainties 
of this kind enter into all economic problems in which the future has to be taken into account.^ 
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§ 13, 
Railway Rates, 



In location problems it is the actual cost of working, aud not the cliarge to bo levied 
for transport, which is a quite different tliingj that is to be taken into consideration* Never 
thelessj the rates tire to a certain degree depcudent on the atnount of the working-expenses ; 
and consequent! J, on the character of the location* 

In the transport of merchandise by land or water- ways of communication j both of 
which are at the service of ever^'body, the freight-charges are brought down through the 
competition of carriers to a fignre — only slightly exceeding the working-expenses — at which 
the financially weakest party still finds sufficient inducement to carry on the busiue^s. 

On railways this automatic regulation of rates is not possible^ because each line can 
only be practicably worked by a single Administration. Although 'there may be several lines 
available for the despatch of goods to great distances yet even when the lines available belong 
to several companies the field of competition is stiil very limited, and the competition will 
nltimately terminate in the mutual combination of the competitors. The Hues which might 
have competed with each other become by such combination monopolists as regards the 
exploitation oE the traffic* 

The most favourable rates for such Hues under these circumstance** are determined 
in the following manner, 

A commodity which is produced at a cost p, and is sold at a price m, has a 
transport-value i? = m — p. The maximum transpert-distauce of this commodity at a 
charge /j per unit of distance and weight, namely per tonne-km. is 



Thus at the place of consumption this commodity can be supplied by a market- district 
~o? the area 

-'•• = 71- 

and if 7 units of goods are produced per unit of this mBrVet-aroa, the supply will amount to 

The number of tonue-kms, performed in this supply is therefore 

F=277r|a»rf2!=^yirr« (tl) 

If the working-expenses be /^ per tonne-km. and a freight / is charged to the 
public there will then be a net-profit of 

or inserting the values of V and r ^ 



E7 = o 7 7rt? 



We see at once that this is a maximum for/=: g/^ 
and thus ^i = UT 7~ t 



3 fSll^ 



(22) 



i23) 



QT, for brevityj putting 
8 



7^ 



= PF, 
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the mazimam g&m or profit ia 



U,= 



8 

81 



W 



(24) 



If instead of a feeder area Or district of production from which an article of 
merchandise ia despatched to a place of sale we consider aa area of production from which 
the distribution of a commodity over an area of sale takes place we arrive at the same 

TOfiuft*, vis,, that the maximum net gain is derived from transport when and if /= '^ . 
The very important principle disclosed by the above simple discussion may be stated thus: 

For goods of which the transport-distance is limited solely by the ©mount of tie 
ratte of carriage, the maximnm net return is reached when the rate charged is 1| times 
the amoTint of the working expenses. 

3 
1'hiTS it IB tfj the advantage of the Administration to raise the freight-charge to - f^ and' 

to work ouly two thii'da of the niaxitnum transport-distance — which would be possible if 

thfi rata were fixed at the working-expeuflos* 

In that case the workLug-expenses are to he determined excluding the interest on 
the capital outlay when this latter is independent of the volume of the traffic. 

In the foregoing investigation an equal density of traffic, 7, has been assumed for tiie 
whole extent of the traffic-area ; whereas, in rt-ality, this density as a rule must diminish with 
the increasing distahco of transport. This fact does not, however, in the least affect tha 
correctness of the above principle. In proof of tbisj take Fig. 18j where the transport-distances 
are measured on the axis of abscissaOj and the densities of traffic corresponding to the freight- 
charge/. ¥phatover it may be, are plotted as ordinates of which the upper ends arc bounded by 
a curve AGE: so that the traffic-density^ y ^ F G, corresponds to a transport-distaucej 
sa = Fj and consequeutly to a charge }* -\- fw* If the freight-charge be ditninished then the 
transport -area becomes enlarged : the anme rate which was formerly levied for a distance OF 
now only ia so f or the distance OD; and therefore, the traffic- density y — FGnow moves 
forwjird through the larger distance D until y = DB. Equal ordinates of the curves AGE and 
^ Z/C, representing the traffic-densities for various freight-charges^ correspond to abscissoG which 
are inversely propurtional to the freight- charges. We can therefore atsume instead of a commo- 
dity with VMfiable tra fhc-d*^n si ty 7, a great number of different conrmiodities having constant 
traHic. density 1^7^ but with different transport-values; as i^ represented by the horizontal Hues 
in Fig- 19, For each of these various commoilities, since they have constant traffic-densitieSj 
the principle jn&t stated holds ; Lh,^ that the maximum prufit will be attained by 6xing the 

freJght'chargee at ^, times, the working-expenses. Consequently, this principle is equally 

true for the sum of all these commodities, which ia thus the same as a single commodity with 
variable traffic- density. 



But %^ all the 
with the same facility 
rates charged, are not 
rates charged, will not 
place. This circumsta 
since the investigation 
tha circle instead of to 



directions radiating from the market-place are not equally traversable 
and consequently, the working-ex pen ses^ and as a result thereof, the 
the same in each case so also the traffic-densityj depending on th© 
be the same at all points which are equally distant from the market- 
uce does not affect the general validity of the above-stated principle, 
leadii to the same conclusion if it be applied to any selected sector of 
the whole circular area. 



The correctness of the principle of i\m maximnm gain — viz., that the maximal net- 

3 
profit is obtained when the rate is - times th© actual working-expenses^ — is based on the 



T» face paff* SO 



Vig, 18. 



E 




Tier. 10. 




ai 

poBba lata thai the mazimnm transportrdist&Doe of tbd commaditr^ ia not gieatai tJia&the limiti 
oltka^ railway sjaiamTof the individjial Adminiatrabioa. 

If the system of the Ad minis tratian does not extend tip to the extreme limit, r, of tfie 
transport-distance but only np to a distance r^ then in that case the net-profit for a freight,/, 
wotdd be 



Consequently, 






(25) 



If we pat in the above r = -^j and differentiate witli respect to/ we obtain for the moat 
advantageous freight-cliarge the condition 

/•+^C")'/-«(^)'/.=». 

V 

Now the extreme trans port- distance is r = ^, or v = r/; inserting this valnej we obtain 



/= 



(l^)'/.. 



(26) 



The extreme transport-dlstmjice ty an the same network may be anything between 

3 
and r, so that the most favourable unit rate of carriage lies between /= 2/o and/= t/o, 

according as the powers of the carrier extends over a small or a large system of linea. 

The fact here demonstrated, that great railway Admlnifitrations have in their own 
interest to charge lower rates than smaller corporations, is of coasiderabie importance in 
its bearing on the solution of the question of State Ownership tersus Private Ownership of 
Railways. 

Of farther interest in this connexion is the consideration of the best or most profitable 
freight-rates for Branch-Lines. 

To take the simplos^t case, when the branch-Hne Las but one station oa it so that all 
goods are hauled over its whole leiigtli; then if its length be z, and the freight-charge /^ 
there is a remainder {v — /g z) from the trans port- value, t?, of the goods on reaching the 
main-line available for the further transport of the merchandise thereon. 

The volume of goods passing on to the maio-line system is therefore 



a^.^c-^y 



^yimsef is the fceighfc'^rate charged on the main-line system. 

There is on the branch-line a gain of {f.^ ^f^) per unit of length of the network of 
the main-line ; so that the total net-profit of the branch-line for the goods in question is 



or 



P = ^'C/.-/o)(«-A«)' 



whicli becomes a maximQm for 



. _ 2 V 



(27) 



(28) 



Coasequentiv, the freight to be enlarged for the whole length of the branch-line is I 
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Soch a high rate ag the above amountiDg to more tfaao a third of the tran sport- valuo^ 
o£ the goods could not in practice be leried j since it would probably in moBt cases be greater 
than the coat of carriage bj cart-road. 

If the branch-line m not worked ag a separate concern^ but in common with the 
main-line network^ then it will be will advantageous to the Administration to draw a large 
traffic from the branch-line on to its mttin-lino. 

The Tolnme oE traffic passing from the branch to the main -line network in 
tonne- km 9. is 

i o 



wherein 



r = 



Adding the profit arising from this braQch4ine traffic to that on the branch itself , w& 



have 



Differentiating with respect to/2 ^® ^^^ ^'^^ ^^^ *^ ^ maximnm for 






(29) 



(30) 



whence^ for / = « /oi ^^ obtain 



/t - 7 /o + ^ 



(31) 




A comparison of this with the most profitable rate (Eqn, 28) for a branch worked 
as a separate concern brings ont the notable fact that the freight-charge for a branch -line 
which is worked at the cost of the owners of the main-line must be fixed lower than when 
it is worked as a separate concern. 

A great railway system can often afford to bnild branch-lines which althoogh if 
worked for themselves do not yield a snfficient return yet pay by bringing additional business 
to the main4ine* Consequently, the construction of branch-linos and the increase of the 
density of the system is promoted and facilitated by the unification of the whole aystem 
niidera single Administration — as is the case with State-owned lines. 

Finally, the qase remains to be considered where the sale-area of commodiaty is 
lessened by the competition of neighbouring production-areas; as for examplejthe sale-area of 
the Westphal tan coal by the coal from the Saar coal-fields ; and also^ where the demand-area 
of a mineral is contracted through the competition of neighbouring places of consump- 
tion. In these cases a general reduction of the freight-rate will only dighily alter the size 
of the traffic-area ; and will only increase tho volume of traffic in tonne-kms, in proportion 
ns the reduction of the commodity-prico induces an increased demand and, consequently, 
jv greater traffic-density, 

A calculation of the freight-charge, which shall prodnce the greatest net-profit, is 
in such cases only possible when and if we know the law governing the connexion between 
the eora modi ty-pr ice and the traffic -intensity. 

If we arbitrarily assume this law, which it would be very difficult to determine 
ejtactly, to be expressed by 
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then for a market-area of constant radius r^ the profit arising is 



?7=7r7or,M/-/o)(|t^--^') '. (33) 



or 

This attains a maximam for a rate 



/=4+l;^ - (^*) 



The smaller the market-area the higher mast be the unit-cost of carriage. 

A market-area of radius r^ = «^-^ corresponds to a freight-charge of /= -^ : and 

this area should not be exceeded if the maximum profit is to be attained^ unless there occurred 
a contraction due to the presence of an adjacent market-place. 

Although the law connecting the traffic-intensity with the -piioQ 6i coimnoditieft 
has been arbitrarily assumed .nevertheless the preceding calculation shows that in traffic* 
areas restricted by the presence of neighbouring market-places^ or areas of sale^ the rate of 

carriage must always be fixed at a figare greater than -^ in order to realise the maximum 

profit.* 



[• For forilier remarki on the Fomation of Ba to g- i ae Appendix^ p. 74.— Tb.] 
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Differential Tariff* and Terminal Charges, 



The preceding discussion shows that the most advant^epq^ M^^f^jcJi&r^Q {pr carrmg^, 

i,0. tlie rate per unit of traffic from which the maximum net* profit is derived when the traflSc- 

3 
area is unlimited, is ^/q. Under all other circumstances, viz, when the extent of the area of 

a railway system is limited, or when the traffic-area is roa trie ted by the presence of a neigh- 
bouring place of a^le^^ pr fpr braiich?lin?3, th^r^te charged mu^t be greatier^than -^" 

When thei'e is no attempt to make a profit, namely when the freight*rate is fixed at 
the working-expenses, then only two-thirds of the extreme transport-distance which would be 
thus .ppsjiible woul^i; undejfrthe most favourable circui^^tanees, he exploited. ] It is then an 
^,s^ .matter to push the traflSc beyond this limit by slightly lowering the rate £or the extra 
distfince beyond. These considerations, along ^yith others which cannot here be discussed, 
lead up to the idea of the so-called IHffereiitial Tariffs. 

If we abandon the principle of making the rate increase in proportion to the 
kilometric distance, i.e*, '* mileage " rates, then the cost of carriage might conceivably be a 
charge entirely independent of the distance, as is the case with letter-postage. However, 
this idea cannot here be farther developed. 

With a logically carried-out differential tariff for a distance x the charge would be 
fixed from the expression /a; — /j z^. The net-profit then would be 



or 







(85) 



For the extreme tranaportation-distance r the rate is (ft — /i r^) ; and if for this limit 
the working-expenses are f ^ r, then the following equation holds 

for=fr-AT^ 
whence we have 

ft 

Giving f this value within the above brackets, we obtain 

Since in this expression all the quantities are constant except /the net-profit will vary 
only with this latter* But since the maximum rate for the extreme transportation-distance 

occurs only when r='^— p-^, the quantity sTt = ^ for which the freight /^— /i^*: 

maximum, can at moat — r : so that we obtain the equation 

whence /= 2/„ 

ia the maximum value which /can attain. 

It/' 



' IS a 



2/^, thfla/i =''-^^— : consequently, the expression for the rate is 



m) 
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The net-profit for tl^e whole trafBc-area consequently is 



C2/o-^^-/o)«^'d^ 



Wo^ 



U,= 



6 



... (37) 



A comparison of this with the prQ6t represented by Kqu, 24, which is ablaiBed 

3 
Tfhen the freight-charge /= ^^ is uniform for all distances^ shows that tbeabovt parabDlic 

differentUl tariff yields a Irg times greater net-profit. 

AHhoagh the demand for goods will be somewhat diminished for the smaller 
distances and in consequence the net-profit will not quite attain the calculated amount^ 
nevertheless the calculation shows so very distinctly the advantage af a rate diminlfllling 
as the distance inoreaaeSy that the introduction of snch a basis for filing rates should be 
fieriously considerod. 

If the law (expressed by Equ. 32) of the intensity or volume of traffic diminishing ai 
the price of commodities increases be taken as a basis for rates, 

namely 

7 = To (^ + M = To ((^* -^ 2/, a. +^* a!») 
then the profit for the whole extent of the traffic-area would be 



Pi = Zwy 



* 



ad^ 



whence 

or platting 
then 



In 



u -^ 



... (38) 



In all investigations as to the most profitable rate of carriage it has so far been 
tacitly assumed that the cost of the collection and delivery of the traffic — the so-called 
terminal-charge— 13 levied along with tho kilometric charge in the foruiof a terminaUfee, 

It now remains to investigate whether instead of fixing the terminal-charge at tho 
actual cost of the collection and delivery of the traffic it would not be more profitable to fix it 
at some other figure, either larger or smaller. 

In investigating this question we may not neglect the consideration of the effect 
of the amount of the items of the rate on the volume of the traffic ; for otherwise — if this 
were not done — it is evident that the most profitable course to pursue would be to levy a 
terminal-charge equal to the full transport-value of the commodity and to fix the kilometric 
rate at nil. 
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If the cost of the collection and distribution of goods per unit be ^o» ^^^ ^ ^®'* 
minal-charge be levied of the amoant A, then for a kilometric charge f, a kilometric 
working-expense /(,, and a transport-distance x, there is a net-profit of 

If we assume that the volume of traffic is represented by Eqn. 32 which was 
previously taken arbitrarily, but not improbably^ as a basis by way of example^ namely that 

then we obtain the net-profit for the volume of traffic to be despatched a distance Xf as 

On differentiating this with respect to A, and iof, we find that this expression has a 

niaxiraum value for 









A = Ao 


+ 1 


and 






J 2 




and that this max. 


Talae is 












dUi 


2 ^* 


f-'fox)*xdx. 


The total net-profit 


is therefore 












U,= 


¥f>- 


-/oflj)«ajd» 



wherein r = tt is to be substituted ; so that finally 
/o 

or, inserting the previously employed abbreviation. 



W 
U i = -Q^ ••• ••• ••• .,, (39) 
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If the above-assumed law of the traffic-intensity be employed in the case also where^ 
the terminal-charge is fixed at the amount of the actual cost and the kilometric rate is 

/=?^,then 






_. 2 Yo irv* 
^^ = 81 -J^ 

= q'^ *^i •*• ... ••• (40} 

On CDmparing this with Eqns. 38 and 89, we see that it is advantageous tO mako^ 
the terminal-charge greater than the actual amoant of the expense of collection and 
delivery at the same time diminishing the kilometric charge. 

But, and this it is hardly necessary to point out, this process cannot be carried 
out farther and the terminal-charge raised by half of the transportation-value above the 
actual cost of the collection and delivery ; because, firstly, the result of the above calculation 
is based on the arbitrarily assumed law of the traffic-intensity; and^ secondly, also 
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because the transport-value of goods varies with time and place, and cannot be precisely 
determined; and finally, bec&use if such a high charge were made for transportation the 
traffic would largely seek the cart-roads in place of the railway. 

The determination of the exact point at which the terminal-charge would be most 
advantageously fixed is a very difficult matter. But in fixing it the truth here demonstrated — 
that the terminal- charge should not be fixed much higher than the actual cost of the 
collection and delivery of the traffic if a high degree of profit is aimed at — should not be 
lost right of. 

Particularly as regards passenger-fares the question merits serious consideration 
whether it would not be a good policy to make passenger-fares include an additional or 
terminal-charge for collection and delivery, viz., a booking fee, and at the same time to 
reduce the kilometric-unit charge. According to the present almost universal practice of 
fixing passenger-fares simply in proportion to the length of the journey, short journeys are 
favoured at the expense of the longer ones, and the amount of profit is thus diminished. 
This could be only justified if other compeusating economic advantages were at the same 
time obtained. But the favouring of the short distance travel which the increase of large 
towns so promotes, is certainly not an advantage which can be considered as counter* 
balanced by the disadvantages of diminished profits. 
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§ 15. 
The Communally best Railway Rates. 



When the (unit) charge for carriage ia reducedj the profit to the carrier arising from 
the transport of a umt-volume of goods is diminished by the amount of the freight-redaction : 
and nt the same time there accrues tu the coDsumer, to the producefj or to a middle-man, or 
to all these several individoala together in some proportion varying with the conditions of 
distribution^ a pecuniary advantage ot an equal amount per unit- volume of the merchandise 
in question. And conversely, an increase of the freight-charge increases the profit to the 
carrier, per goadii-umi, by the same amount as is lost by the parties — despatcher and consignee — 
concerned iu the traffic of this commodity. 

Consequently^ if the volume of goods offered for transport to a given diBtance is 
eoustantf a reduction of, or an increase iu, th^ freight- charge simply results in a different 
distribatiun of the economic gaiu amunget the parties concerned; the attainable politico- 
economic or communal gain remains on the whole unchanged* 

But the aasumptiou that when the freight-charge altera the volume of goods offered 
for transport to a given distance as constant is only true in exceptional cases. As a rule, a 
reduction in the freight-rate reducen the price of the goods to the consumer, although by only 
a fraction of the amount of the decrease in freight; this decrease in freight increases the 
demand for the goods, and the price paid to the producer of the commodity rises* This 
induces the latter to offer greater quantities for transport; so tliat the volume of goods trims- 
ported increases in consequence of the increased demaud and incTeascd production. 

If a volume of goods is transported at a rate of carriage/ for a distance x, i.e., for 
a freight-charge /«, then on a reduction of the freight-charge by df tbe net-profit to th© 
railway on this volume of goods is diminished by yxdf; and at the place of sale an advantage 
of an equal degree will be enjoyed by tbe dealers. Thus the onginally -existing goods- 
volume 18, economically, neither increased nor decreased. The reduction of the freight- 
charge results in an increase of the price offered to the producer to such a degree that be is 
induced to increase hii5 selling-price by d^; whereas, for the consumer, the price falls to such 
a degree that he is induced to increase his purchases by the amount of d y, Neither the 
consumer nor the producer profit by this increase ti 7 of the goods-volume, since they buy 
and sell neither more nor less than seems g<M)d to them after the change of price. Whereas 
from any increase in the goods-volume tijere results to the o^vners of the railway a new 
profit of the amount, 

dg = dy{f-d/-f,)x 

or, neglecting magnitudes of the second order, 

d? = d7(/-/o)* (41) 

Since all other advantages and disadvantages arising from the decrease in freight-charge 
equalize each other the last- named amount is the communal benefit or profit arising from this 
decrease. This gain for a continued decrease of the freight-rate will continue to increase 
until/ becomes ^/^ ; namely, until the freight-rate, /, has attained th© amount of the actual 
cost of the workings /<j* 

From the above we gleao the important truth that, communally^ the maximum 
advantage from railways is reached when the rate of freight is fixed at the actual 
cost of the working ; and when, as is the case with the common highway roads, there is 
no payment of interest on the capital from the profits of the working; this payment being 
provided for, as in the case of cart-roads, from the general State-revenues, 
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For the purpose of illustrating the principle here developed^ let the admittedly 
arbitrary assumption be made regarding the law connecting the intensity of traffic and 
the price of commodities which has already previously been adopted for the sake of greater 
facility of explanation^ viz. that 

7 = 70 (t? -/«) 
wherein v is the transport-value of the merchandise. 

For a decrease of the rate of freight by df there arises, accordingly, an increase of 
the traffic-volume d y ^ Jq dfx: and, according to Eqn. 41, a communal or public gain of 

d9=yo<'*(f-fo)df (42) 

For a freight-rate /i = - the traffic-intensity »0. 

If from tlds rate, which is that at which the first stimulus to traffic occurs, we 
revert to a rate /then we obtain for a transportation to a distance x a communal or public 
^in of 



9 = 7o «' 



if-fo) df 

f 



and therefore 



» = ^.-(S-=f"rf + //.) 



For a ring of width d x of the traffic^^area and for a freight-rate / there is a com- 
munal gain of 

• '■■ '- ' '. ' :■■'• '-•* 

The traffic-area is determined by the transport-distance « = ^, so that the com- 
munal gain for the whole transport-area for a rate /is therefore 



wbencjO 



(«»« -«»/„»• -/«»» + 2//, x*\da 



a = --y^.(l-f^) (43) 



f 

Differentiating this with respect to /we see that the abore attains a maximal value 
for f^fo', and this max. value is 

or 

<?!= -j2" ••• ••• ••• (44) 

3 
Wer% the r»te to be fixed at/=s g/o, i.e., at the most favonrable rate for the railway carrier, 

there would be obtained a communal gain— substituting /ts |/^ in Eqn. 48 — of 

, ^/re-W'i ••• — ••• (46) • 

i.f^ i6Ji7ihB^ OTj eay^ r ^^ of the maximum possible communal gain. 
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Fortlie parabolic differential tariff, viz,, for the freiglit-rate /^ 2/^ — — ^, th& 

commuoal gain lor a transport-diatance Xj is 

ftnd for the wholo transport-area it i^ 






mud cotisequentlyi 



Gi = 



ff VqP* 



15 



(46) 



which is 8% greater than it hb for the constant freight-rate / = 3/2 /^ which has been 
shewn to be the most proStable for the private owner* The parabolic diflferential tariff 
18 thus better than an invariable kilometric freight-rate ; not only from the standpoint 
of private interest but also from that of the public advantage. 

For the assumed law of the traffic-intensity the gain for a constant kilometric rate 
would be 



17= 2^7,|(t? ^fx) (/^/o) x^dw 



CoDsequeotly, 



for/= -o/o. 



-81 ^^ 



(47) 



If the rate most advantageous to the private proprietor were levied — assuming that 
the transport- value of the merchandise be fully exploited and that the law of the intensity 
of traffic be correct which was assumed for the purpose of example — the public benefit from 
the railway wonld then be 2 4 times the amount of the net operating gain— -as a comparison 
of Eqn. 45 with Eqn. 47 shows. 

If the traffic*area be restricted by the proximity of neighbouring places of aale^ Uien 
not only the total net-profft arising from the transport of merchandise but also the communal 
gain arising therefrom diminishes; but the former does so in a greater degree than the 
latter^ so that the amount by which the communal gain exceeds the net operating profit 
increases. 

But any numerical determination of the public benefit arising from railways must 
always be untrustworthy — apart from the uncertainty as to the degree to which the transport- 
value of the merchandise is exploited^ — so long as the law connecting the intensity of traffic 
with the rate of freight is unknown. 

Nevertheless the fact is of the highest importance that the truth of the above law — 
mz., that the maximal communal gain is attained when the rate of freight is fixed at 
the actual cost of the working — is entirely independent of the law of the traffic-intensity^ 
just as it is of the degree to which the transport* value of the merchandise can bo exploited. 
The correctness of this principle rests simply on the fact that with a decrease of the rate of 
freight the volume of traffic does increase^ though the precise law of this^increase is onknowil. 
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This fact, however, is undeniable; for even in the case in \vhich the volume of a 
commodity is unalterably fixed as, for example, a petroleum well, it is still true that by a 
decrease in the rate of freight the volume of traffic will increase in tonne-kms. 

The exploitation of a commodity of unalterable volume may be worked as a mono- 
poly by fixing the price at the place of production so high that with the existing freight-rate 
the extreme distance of transport requisite for the sal..^ of the whole volume will be obtained. 

By a reduction of the rate of railway freight — provided the price at the place of 
production remained unaltered — the price in the entire area of distribution or sale would 
fall and hence the demand for it would increase. This increased demand would be greatest 
at the boundaries of the original area of sale, and a demand would arise even beyond those 
limits. This will occasion an increase of price at the place of production whereby the price 
of the commodity rises up to a certain distance from the place of production in spite of the 
reduction of rate of freight ; and the demand* within this circle diminishes, while beyond 
it the demand increases with the decreased price ; and the sale becomes extended beyond the 
boundaries of the original area of sale. Consequently, although the gross-weight remains 
constant the number of tonne-kms. increases. It will be easily intelligible without a somewhat 
long demonstration that in this exceptional case also the reduction of the freight-rate 
increases the public gain up to the point at which the rate of freight is lowered to the 
actual cost of the working of the traffic. 
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§ 16. 
The Fundamental Principle of the Formation of Railway Rates- 



The business of transport on hij^h-roatU and canals m adsrantageously left to private 
enterprisej becaus^e on these particular ways of communication a free and unrestrained competi- 
tion is possible which acts as an effective incitement to the introduction of improvements aod 
of the best and cheapest method of transport. Bnt it is ucdeniable that the construction and 
maintenance of roads nnd water-ways is a matter which concerns the common or pnblic 
welfjire : and in well*rt*giilated polities these ddties would be performed by the State as a whole 
,or by some department of it ; because herein ibis not possible to hare that free and unrestricted 
competition by which alone private enterprise is controlled so as to conduce with sufficient 
certainty to the common benefit and advantage. State supervision and legal limitations can 
<3erfeainly prevent many abuses and mitigate many dangers incident to a private enterprise 
worked as a monopoly, but it is impossible to compel private enterprise to work exclusively 
in the common interest. 

But in the case of a railway not only is the construction and the maintenance a 

monopoly, bnt its working is so also. Experience has proved most conclusively that where 
there are several lines belonging to different proprietors available for the traffic between two 
places the competition or war of rates which occurs from time t> time is very speedily brought 
to a conclusion by a combination of the competitors,^ The monopoly of a railway is really 
effectively injured only when roads and canals are alongside of itj since on these the com^ 
petitive traffic cannot be crushed by combination. 

The nndeniahlj commnnal character of railways is recognisable from § 3, according 
to which the correct locating of the Trace and the investing of the proper amouot of con- 
struction capital can only be made on a communal apprehension of all the requirements 
of traffic as regards communications. It is also evident from the considerations brought 
forward in §§ 14^ 15; where it is shown that the maximum communal or public benefit 
arisinf^ from railways is only attained when and if the freight-charge is fixed at the actual 
cost of the wuikingj and no repayment of the ioteresfc on the capital expended is attempted ; 
whtch thus ex eludes all possibility of private enterprise. 

The erroneous idea that i-ailways are fit and proper subjects of private enterprise 
is based mainly un thin: that in many ius^tances the construction of railways has in the past 
been left to ]rrivate enterprise, and that undeniably we have to thank private enterprise for 
the rapid growth of our German railway systetn. Thi?? has been due to the fact that the 
prospect of gain acted as a powerful inducement to a strenuous activity which the State could 
not have displayed in an equal degree : finally, also to the fact that private enterprise in rail- 
ways hji,s frcc|iieutly worked very beneficially, and does so sfcilL However, all this should not 



* The theory that railwftj ratos altguld be left for eotapefcitioii to regulate hm boen fally tried in the anthra- 
cite coal bti!iiti(?«B. Ei^lit tHfTM-eiit railwaj companieH Itare Itnoe rca^limg from tho &ntliracit(* fielda to tjclowftter^ 
m BttfBclent tmrnhor to mauro competition if it oan c^er be inHiired in thi> railwuj servlcf*- LogUlatton has beeo liried 
to foster competition^ anil state eomiuiflsioOB kxml tlie Interstate Cotnmerfts ComniiBBion bave lent their aid to k^ep it 
alive. To wkj that there ha-E bti^u no compiitition afiiong the anthracite carrying companies would bo untra? ; but 
we bdievo it ia aafe to say that this competition haa aeTei* secured the '' r©a«(/ttable rates" for the carriage of anthra- 
tit% ti^ wliieh producers and cansuniers are fairly entitled, 8nch competition as bas tftken place has n^sulted chieHj 
in the giving of secret ratea and rebatee^ and in benefiting favored ship pen and corporation oflicera '* on the inside," 
The fmit of a.dboreneo to the theory of free competition in fixing railway rates on anthracite coal, tbenj haa beea the 
transfer of many million dollars a year from the pockets of coal nsers, and to some eitent of cooJ producet»| to tho 
poc>et« at thoflc interef^ted in Uie railways which carry this traffic. — Engineering Newfi : 2& Jan, IdOO, 
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obscure the fact that the full advantage of railways can only he attained when they are 
in the hands of the State^and are worked as enterprises by order and for the account of the 
public.' 

According to Sax^* who fully recognises the communal character of railways^ it is 
quite permissible for the State to make over railways as " Public Undertakings" to private 
enterprise^ but burdened with the mandate to run them in the iutere^ts of the public. 

Ulrichj' however, opposes this view in a concise and striking work. He is of opinion 
that '^ it is vain to attempt to compel private railways against their inclination by laws and 
'^regulations to place tlie public interest before their own in the matter of rates and general 
'' management," 

Amongst the various principles of administration which aro usually distint^mshed 
in the science of Economics the only one which can possibly govern private ownership of rail- 
ways is that of self'interestj viz* that of getting the greatest possible net return. Tliere 
fa no special ^' Principle of Maoagement of Public Entcrprij^os/^ such as several writers, 
regai-ding private railways as "Public enterprises with ilelegated popular functions" 
have sought to establish. It certainly cannot be assumed that private enterprise will be deter- 
red — whether by legal restrictions imposed on it as to the mode of levying rates and fixing their 
limits^ or by State Regulations as to the mode of working the rdilway — from endeavouring to 
obtain as large a prufit as is possible within the limits of these restrictions ; nor that it will go 
at all beyond its bond at the risk of iojury to itself simply to benefit the public. The idea that 
the management of private railways can be so regulated by legal prescriptions and supervision 
that while following their osvn interests they slnill at the same time promote tie general good 
is no longer tenable ao soon aB the fact becomes recognised that in the public inteiest there 
should be no payment of interest on the coDstrnction-capital : to such pntcedure private 
interest will never consent. 

In the administration of Private Railways, there can he only one principle of 
working! viz, thrit of Self-interest, in obedience to which the maximum net-profit will be 
strivcn-after which is attainable within the State-imposed limitations under which they 
may work* 

In the administration of State Railway s^ on the other hand, all the three principles 
of management that we are accustomed to distinguish can he employed namely, l*'. The 
working gratuitously, i.e, without profit, f^^r the general ad vaotage* 2^ The system of 
tolls. Z\ The working as a private concern aiming at the maximum net-gain possible* 

If the maximum communal benefit and advantage ia to be derived from railways 
thenj as has already been shown, they must be worked as imremunerative objects of public use- 
But it will be shewn presently ihat the ytate does not possess suflicient administrative power 
to be able to satisfactorily carrv ont this tusk; and that as a rule it will have to rest satisfied 
with less than the maximum profit; and that it is compelled to work accordiug to the 
second, or even, to the third principle above stated. 

As examples of unrenuiuerative objects of general use and enjoyment administered 
by the Htate or its departments we have the public monuments, museums of Arts and 
Sciences, public gardens, the preservation of person and property, common ronds, and partly, 
also, canals and harbours. From the application of this principlo to the management of 
railways it in nowise lof^ically follows that the State should undertake the gratuitous 
preservation of person and property ; but only that by the application of this principle there 
should bo no payment of interest on^ and no redemption of| the expenditure on tht« 



[^ Sciontific socialism is atronglj r^pr^itonl^ in the Gonti&& UuiTcrsities and aeati of learniDg^ For m 
r&cent ei&mple, &ec> Appendixp p. IIO.— Ta*] 

* Sax I ** Dig V#tke1jrsmitt6l its Volk*iiixd Staatawirtliacliaffc,'* Wien» 1S78, 
■ Ubrich : *' Dm Eisenbalin-T^ifweioD/* Berlin imd Loipzig. 1886 , 
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initial installation requisite for eacli individual enterprise ; ouly the iTsterest on tlie neeessarj 
expenditure for its direct performance should be paid. 

Whatever the unit-rate of carriage may be Sxed at^ aod however large ihft traffic as a 
result of this rate may be^ there is alwiiys a sum of money to be provided-for indepeudeot 
of the rate for interest on capital, maintenance of wuy^ and certaiu items of working-expenses 
independent of tlie volume of the traffic, for which an amount A has to be subtracted from the 
communal giiioj G^ previously obtained by calculation^ and which varies with the freigl it-rate. 
In determining the profit G oidy that part of the expenses which increases proportionately 
with the number o! units tratisporfee*! has to be taken account ofj i,e,j the rate /^ per unitj 
which arises from in the actual wrrking of the enterprise- 

In the investigation in § l^ it was proved that the public gain and conRequently 
the clear protifc G ^ Aj remaiuing after dedueting the constant c|uaatifcy ^, is a maximum 
when the I'rcigbt-rate / h the actual net workiug-cost /„ which arises directly from the 
working of the enterprise. 

Thus in the case of railways^ it is ouly the road fully equipped and ready for work- 
ing that is to be treated as an unremuneratlve object of general property or use; coosequently, 
the rate of freight is to be fixed at the cost of transport of the loads plus the cost of 
maintenance of the line. 

In the case of common highway-roads beside this necessary charge the community 

bears also the expense of the maintenance necessitated by the movement of the traffic 

thereon. This part of the highway road-main tonance expense may be assnmed in general 

to he about 1/lOth the working-expenses; so that the traffic only pay8*9/(j. Substituting 

f=i '9/^ in Formula 43 for the communal gain we obtain 

1 ^ 'V v^ 

which as compared with the maximum attainable amount of ~ — j t— ^ot f=^f^ is about 4^ 

less. 

If it were desired to recoup by a road-toll, as was formerly the custonii the 
expenses of the maintenance and repair of roads due to wear by the traffic, it would be 
necessary to raise the cost to the pablio of the roads by 4%. But the levying of road- tolls 
would occasion new expenses; and as peculation easily enters therein, and the collecting 
is felt to be a great nuisance, it is quite reasonable that the pubHc should defray gratuitously 
the expenses of the road*maintenance also. 

The administration of roads, as national property of general ns© and enjoyment^ is for 
the above reasons carried beyond the degree most advantageous from a communal point of 
view, In the cuse of railways this has not hitherto been realiaablej bocaase the State is not 
financially strong enough to do so. As a rule the State is unable to defray the payment of 
interest and the repayment of the capital sank in railways out of other sources of revenaOj 
and is therefore compelled to devote itself to the earning of profits ft>r the payment of these 
charges. Where there k a possibility of increasing the net-profit beyond the degree requisite 
for the payment of interest on the capital and for its redemption it will usually be impossible 
to avoid doing so; since there is no more oonvenient^ more reasonable, and less oppressive " 
way of indirect taxation than that through railway rates. 

The State will thcrefoie as a general rule work railways for a profit and on the same 
Self-regarding principles that guide private companies. But with this important difference ; 
that the amount of the profit above the amount requisite for the payment of interest shall 
become the property of the pnhlic i whereas in the case of private concerns this goes to enrich 
the individual at the expense of the public* 

That railways, so long as the rates of freight are not brought down to the more 
working-expeuses but are so fixed as to produce the raa^ximum net-profit, do not yield the 
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usaximuHi advantage to the public is a defect which enters into every fonn of taxation 

by tolls ; and could only be got rid of if it were demonBtrable that there were some other 
equally prod active mode of taxation which worked less injurioualy to the public* 

For the formation of rates on the basis of private interest we have considered three 
aeveral priociples in §§ 18 and t4: namely, 

(1) Imposition of a high terminal-charge, greater than the actual expense of collec- 
tion and deliveiy, plus a constant kilometric freight-charge. 

If on this principle the terminal- charge were raised by half the transport- value above 
the actaal cost of the collection and delivery of the goods, and the kilometric freight^rate were 
fixed at the half of the actual costs, then the maximum profit would be — from Equ. 39 — 

24 



U,= 



But as already stated, there can never be any question o£ introducing such a mode 
o£ forming rateSj because for short and even for moderate distances, the cart-road rate 
would be less. 

(2) Fixing the terminal-charge at the amonnt o! the actual cost of the collection and 
delivery and levying a freight^rate diminishing as the distance increasea- 

According to Eqn. 38, the maximum gain obtained is then 



u,= 
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the rate being assumed to gradually diminish froiD/= 2/g to/ = /„ according to the law 

Bates framed on this basis — the so-called '' Parabolic Differential Tariff ^' are open to 
the objection that to correctly determine the decrease of the kilometric freight-rate the trans- 
port-value, Vf of the merchandise must be known beforehand ; and that for each individual 
merchandise the decrease must be determined differently, i.e, in exact proportion to its 
transport-value. 

(3) The terminal-charge is fixed at the amount of the actual cost of the service of 
collection and delivery and the kilometric rate of freight is made a constant for all distances. 
In this case, for the maximum gain, the rate oE freight is to be fixed at H times the actual 
working cost: whence from Eqn. 40 we have 

This method of framing rates is i^ery simple practically , because in this case it is not 

necessary to know beforehand the transport- value of goods. 

But remembering that the net-profit on the above principle amounts to only 20/27ths. 
of that of the Parabolic Differential Tariff, and considering further that the pubhe advantage 
arising from railways (Conf. § 15) with the Parabolic Differential Tariff is some B% 
greater than with the constant rate of freight it certainly seems desirable on public grounds to 
take the introduction of the Parabolic Differential Tariff into the most serious consideration. 

It is to be noted that the above numerical values rest on the assumption that the 
intensity of tariff 7= 7^ (i; — /a?) : in other words, that it is proportional to the transport- 
value of the commodity remaining after the subtraction of the amount of freight* We may, 
however, have doubts as to the correctness of this law of the intensity of the traffic and, conse- 
quently, of that of the results arrived at without the general truth being thereby invalidated, 
i-is.j that the Parabolic Differential Tariff yields a higher profit than the tariff of constant rate 
of freight, for the necessity of determining the law of the volume of traffic may be 
12 
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GBtirel^ evaded by aubstitutmg la pikoe o£ a merchandiaQ witt variidile bfaffic-inteiisity 
any Bomber of different kinds of gooda each of wbicli haai for a canstant^ taraffic-dBOBityy 
a varying transport-value. For eacb of these individaal claasea of gooda withcooBteJit tro^* 
deBsity the tiet-profit on the basi^oE the parabolic differential tariff ia— Eqn. 27» 



and for a constant freight-charge — Eqn, 24^ 

^'^ 81 
In both the mabhodaof basing fi^ight-ch&rge&here compiu*ed» the ratea of freight sob 

2^^ _*t^ Xy and -^ respectively ; they are the most faYOurable ones only when the transport 

can be pushed to its utmost limit so as to completely exhanst the transport-value. 

If the mileage of the railway is insufficient to fulfil this condition^ or if the extreme 
tj-ansport-diatance is restricted by the presence oE adjacent places of saloj or if there is the 
traffic of a branch*line to be taken into account^ then for the attainment of the maximum 
profit with either method of forming rates the rate must be increasedi This circumstance 
makes the correct determination of the rates that should be levied in order to obtain the 
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maximum profitj when/= 2/^, — "^ — , and/^ ^ fu respectivelyj are the lower limits, very 

diflScult and in most cases impossible. 

If the rate be fiKed too low then the proGt is diminished, but the gain in public 
advantage ia greater than the loss ; whereas if the rates are fixed too high, not only is 
the gain diminished but the public advantap^e derived from the railway is likewise diminished 
in a still higher degree. Accordingly, the fisdng of a too high rate is to be most carefully 
guarded against. This could be done once for all by taking the lower limit of the freight- 
rates. In this way, there would be a transition from the principle of purely private interest 
to that of tolls* 

If the parabolic differential tariff were to be chosen, the difficulty of fixing the 
transport- value of goods could be got over, practically, by diminishing the rate of freight all 
round by the introduction of Zones; say, by fixing 2/^^ for the first 50 km*: 1*8 /^ for the 
second 50 km* : and so on^ until finally, for all distances over 250 m,^ the kilometric or 

*' mileage '^ rate/^ comes into play* 

In that case there would be only as many classes of rates as there were varieties in 
the actual cost of working. 

However, the realisation of the theoretical investigation here developed in the 
practical fisiog of freight-charges is not the proper subject of the Theory of Location; and 
still less, the solution of the question how far the economic power of a State permits it to pass 
from the formation of tariffs on the basis of private interest to the principle of tolls ; nor is it 
concerned with the administration of railways for the general or communal advantage,* 
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§ 17. 
The Earning Capacity of a Projected Railway. 



Having now in the foregoing invesfcigafeions determined both the public benefit and 
also the profit of the private owner derived from i^ailways we can now proceed to determine 
the commercial or financial value of any projected line; and this forma an important part o£ 
the Theory of Location. 

In the aolution of this problem we have to deal with the cost of construction and 
workings and have therefore to form an estimate of tha probable futmre ttaflSOt 

The cost of the construction and of the working of the line are known on the 
completion of the preliminary studies and estimates with a sufficient degree of exactness ; 
whereas the estimate of the traffic^ even when made with the greatest care and guided by 
correct methods of procednrsj cannot always be framed with the degree of exactitude desir* 
able. Not infrequently even at the present day the existing traflSc on the roads is ascertained 
and a certain multiple of it assumed as the probable future railway traffic. But any 
estimate so based is nothmg more than nncertam ani hBlpless gneseing. 

The first writer who laid down a correct and at the same time simple procedure to 
attain this object wasj m is well known, tho French engineer Michel* His work on this 
subject was published in 1868,* 

Michel makes the volume of the probable future traffic proportional to the population 
of the area served by the station^ adding thereto the population resident in the suburbs of 
this area; and he further distinguishes different degrees or grades of economic importance 
which a district may have. In this way Michel found that for the whole railway system of 
France there was annually 6'5 passengers and 2*1 tonnes of merchandise carried per head of 
the population participating in or forming the railway traffic. In purely agricultural districts 
thia figure diminishes to two- thirds, and in industrial ones increases to four- thirds. 

If we take the net^profit per passenger-kilometre as the same as that of the goods- 
tonne-km,, Le, at 2 pf * — which for the average rates and working-expenses of the German 
Eailways is fairly accurate— then on the basis of the French average traffic of 13 passengersj 
coming anl going, and 4*2 tonnes as the sum of the receivei and despatched merchandise, 
would result per head of the populatiou makiug use of railways, and per km. over which this 
traffic is hauled, a net-profit of 

c = (13 + 4-2) -02 = 1/3 M., say, 

Michel next investigates the net- profit on branch- lines on the assumption — certainly permis- 
flible — that the total traffic of all the stations on the branch-line extends up to the main-line. 
If then the population of the stations distant ajj, x^, &c.j froaj the nmin-line is e^, e^^ &c*j then 
the gain is 

This simple method has been widely employed in Italy and Austria^ mainly with the object of 
' determining the value of the traffic-coefficient, Cj lor the local economic conditionsp 

An exact determiuation of the average traffic-coefficient for the German Railways, 
based on the Traffic Beturns and on the Census of 18S0, is given in the following investigation. 

In the year 1880, there were 4^5027 stations, including the frontier stations used in 
common with foreign railways; which latter stations are introduced into the calculation 
by a corresponding fractional number. These stations serve 4,450 localities. The number 

* ^tudei finr U itn^^ probable dea chemi&e de fer d'intoret loc&t— par LoDig Jules Mldiel. Annates d^a 
ponU €t chAuuies t 1808. p* 145. 
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of tbe mhatitaBta of these localitiee and of 754 additional stopping-places (flag etationa) 
araoontSj according to carefully-made estimates, to about 18i milHona. In order to aiTiye at 
tlie total population producing railway traffic we must further add a quantity to represent 
the degree of participation in the traffic of the population of tbe hinterlands of the stations. 
Since in the year 1880 the total population of Germany amounted to 45^ 234^06 1^ after 
deducting the population resident in the station-areas, there remains an average of 6,112 
persons as tbe population of the hinterland of each station -area. Taking the total area of the 
(German Empire at 540,522 square kms* (q. kra.)> the average area sei^red by a station js 
121'o q.km.; so that subtracting an area of 3 to 4 q.km, for the station itself there remains 
52 inhabitants for each q.km* of hinterland. 

The mean distance apart of tbe stations is obtained by dividing tbe total length of 
the German railway System, viz, 33,430 km, by the L. C. M. of half tbe number of the lines 
radiating from each station* This gives 6'9G km. or sufficiently accurately, 7 km. The area 
served by a station has thus on an average a length along tbe line of 7 km. and a breadth on 
either side of it of 8 § km. 

The hinterland traffic of the stations to and from the railway is carried-on mainly on 
nittalled roads j partly^ also, on rough earth-roads and only exceptionally on canals. As the 
freight per tonne-km. on metalled roads is on an average 5 times as great as that on rail- 
ways, and on unsurfaced roads about 20 times, a considerable fraction of the transport- value 
of goods will thus be already used up before the merchandise reaches the railway. 

The mean transport-distance of goods in 1880 ou tbe German railways was 81 
kilometres. As the short-distance business of the station hinterlands is included in this 
mean figure tbe average transport-distance of the traffic occurring between the stations must 
be assumed somewhat greater^ say, at 85 km. If the traffic of the station-binterland has to 
travel on an average for a distance of 6 km, on a metalled road to or from the railway, which 
is equivalent iti cost to a transport of 30 km. on the railway, the hinterland traffic will then 
only travel over the railway for a distance of (85--' 30) = 55 km. 

Thus tbe hinterland traffic makes use of railways on an average for only 55/85ths 
= ^64 of that distance which tbe ont-goiiig traffic from the station-area itself does. 

Since we have found that the number of tbe tonne-kms. carried on railways is pro- 
portional to the fourth power of tho transport-value, the hinterland goods traffic will form 
only tbe (0*64)^ part of the tonne-kms, carried on the raOway; namely, about only ]/6th of 
that volume of traffic yielded by the same number of the inhabitants resident in the station- 
area. 

In a similar way the same ratio-figure will be obtained for the share of the hinter- 
land in the passengeT traffic of tbe railway. 

The investigations of Sonne, pablished in the ^'Deutsche Bauzeitung", 1881, p, 216> 
and which are based on statistical data furnished by Kopcke, likewise lead to the result 
that with tbe present density of the German railway system the populution of the hinterland 
of a station yields only the Ctb part of the railway traffic furnished by the inhabitants of the 
station-area. Sonne gives a curve of which the abscissa m represents the distance from the 
station-area in kms. while the ordinates represent the share which the inhabitants residing 
at this distance x take in tbe railway traffic, .^ 

Erpressing tbo share of the station-area population in railway traffic per head as 
unity theuj according to Sonne's curve, the share of the population living at a distance x km. 
from th;3 station- area per head is, approximately, 

i'ot the whole extent of the Btatioa-area this formula gives on an arcrage abonfc 
l/6th. 
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The metliod of Michel in which the influenc© of the hinterland is taken into account 
l>y adding the population rmdent in its environs (Banmeile) to the nuiober of the inhabitants 
of the station-area will lead to a similar rBsult 

Manifestly, the method pursued above to deteruiine the influence of the hinterland 
on the traffic of the railway canuot lay claim to a completely satisfactory degree of trtistworthi- 
iiesSp But in the absence of exact statistical data we must be satisfied with this mode of 
estimating. And this we can do all th© moi*e readily since any error that there may be will 
hare no inHuence that need be taken into account on the final results of the calculation 
which we are about to make* 

In the year 1880 there were about 27 million of inhabitants resident outside the 
railway-station areas; so that to the 18^ millions of station- population tliere is further Lo be 
added 1/6x27 = 4^ millions to give the population producing lailway traffic — or a total 
of 22| millions. 

Now in this year~1880 — there were carried on the German railways 215 millious 
passengBPSi representing 6,479 million passenger-kms. ; and 165 million tonnes of goods, 
corresponding to 13,487 million tonne-kms. : so that per head of the population producing 
railway traffic there waa on an average 9*5 passengers, representing 285 passenger-kms*^ 
and 7i tonnes of merchandise corresponding to 595 tonne-kms* The sum of the passengers 
and goods going and coming is thus annnally per head of the railway population 19 passeugers 
and 14j tonnes of goods. Accordingly, in Germany the goods traffic was some 34 times grr^ater 
than that in France in the year 1866 as given by Michel's figures. This is, of course 
explicable from the circumstaDces that MicheFs figures refer to a year in which the Freuch, 
railway system had less density than had the German in the year 1880 ; and also by the fact 
that a considerable share of the goods-transport in France is carried on its fine system of 
internal water-ways, and by coasting-service: and finally, by the difference in the indnstrial 
activity of both conn tries : in Germany the goods- tmffic consists to a greater degree in heavy 
merchandise than in France, 



For Germany^ accordingly, the fundamental or basic unit of the net-profit— on the pre- 
viously-made assumption of an operating gain of 2 pf, per tonne-km, or per passenger- km, — is 

c= (19+ Hi) '02^. 



4m. 



On a railway of I km, in length wbich introduces a new population of E individuals 
into the volume of railway traffic it may reasonably be expected, on the assumption that 
the traffic travelled the whole length of the line, that there would be an annual operating 

2 
gain of ^^f; and if the traffic moved on an average over only frds of the whole length 

4 
of line, an operating gain of ^ ^ /, Reckoning the kilometric construct ion -cost of the line at 

only 80,000 M* then in order to obtain a return of 5% on this outlay a new population of from 
6,000 to 9j000 individuals would have to be drawn into the traffic. But since in Germany in 
1880 there were only 1,078 places of above 2,000 inhabitants having an average population of 
3,400 which were without the advantage of railway facilities, it would only be in quite excep- 
tional circumstances that a new railway would be possible which out of its own net-profit from 
operating w^ould be able to pay interest on its cost. 

Moreover^ the method of Michel requires another modification. In the determination 
of the earning capability of a projected railway we may not limit ourselves to the calculation 
of the not-operating gain alone i we must also take into account the increase of traffic wbioh 
the new line will briug to the already existing system. If the projected line worked as 
an independent financial coucern would not yield a sufiicient return it might nevertheless 
be a sufficiently profitable undertaking for the owners of the adjacent systems^ or for the 
particular Administration owning itp From this point of view it is not the number of passen- 
gers and tonnes which is to be regaried, but the nnmber of passenger- and tonn8-km&« 
13 
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per head of the papulation which is thus newly brought into the sphere of railway traflSc. 
In this way, we obfcain the net-operating profit for the whole railway system per )iead of the 
population newly included in the traffic as 

(285+ 595} '02^ 17^ CM. 

Almost exactly the samt) fignre is obtained if the net-working gain of the whole 
German railways — which in 18B0 amonnted to about 401 million ]VI» — be divided by the 
22i millions of population prodocing railway traffic, thus giving l/'S M. per head. 

If the interest on the total construction-cost of a new railway be Ai, then the traffic- 
producing population^ B^ requisite to afford sufficient businosa to cover it, ie giTeu by the 
equation 1 

And assuming a rate of interest {i) of 5y^ i 

For Diample^ Bupposmg a lino waro 10 km. in lengthj iLod that its constrQcUon-coat ^ 1,000,000 M, j it 
wotdd be wqH worth eonatructiug if thereby only 2^800 persona were secured tm additional bnainesB-contribntort 
io the existing tralfie. 

It is asanmed when employing the fundamental figure of 17*t) M> as the gain from 
rail way- working per head of the population, that the economic importance of this population ia 
a mean or ayerage one. According to the figures of Michel, this economic importance in purely 
agricultural districtn may sink to jrda of the mean figure : but it is prudent to assume 
for the economic importance of a purely agricultural population only the half of the mean 
value; BO tliat in this ease the financial value of the line can only be considered as assured 
when and if 

A being the total coostrncti on-capital in M, 

For highly industrial districts, the traffic-value of the population rises, according 

to Michel, to li times the mean value, Conaequentlyj for suoh caseH the value of the line 
as a fioancial undertaking is assured even for a population of 

260" 



J5 = 



In order to determine the number of residents yielding the required traffic it is 
necessary, as shown above to raise the number of inhabitants of the station -area by a 
certain figure which shall bring in the hinterland as a participator into the calculation. But 
with an increasing density of the railway network the influence of the hinterland on the 
traffic diminishes; since not only does the station-area become smaller, but also the popu- 
lation residing on the unit of area diminishes. It must also be borne in mind that every 
new line withdraws from the older lines a portion of their hinterlands; so that a number 
of individuals corresponding to this loss to the older lines must be brought proportionally 
into the estimate of the population newly drawn by the new line Into the traffic. These con- 
siderations render the determination of the influence of the hinterland^ already in other 
respects very uncertain ^ still more difficult. 

PortuBately, the errors possible in the estimation of this influence are not of much 

importance for the final results of the determination of the value of the line* After carefully 

weighing all the condittons, this additional hinterland influence on the population of the station- 

2 
area maj be put down at -h- cfe, where d is the half-width of the station-area in kin.j f e. the 

greatest distance which the hinterland traffic has to travel to reach the railway-station, and 
e IP the popnlation per q*kin. resident in the station-area. 
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If we now take uito account the circumstance that for many reasons traffic is 
worked on branch-lines less favourably than on main-lint's— if for no other reason than on 
account o£ the smaller number of trains and their smaller velocity — it seems reasonable that 
the figure found for all the German railways of 17-^* M. should bo diminished to 15 M. 
The increase in operating gain wliich a branch having n stations and a station-area population 
of E individnals yields is then 

i\^= 15E-h lOude. ... ... .,. (48) 

Of this mean value we may taka the half for purely agricultural districts, and for 
highly industrial or manufacturing ones^ the four-thirds. 

A railway has two Btation* of whieli the popmlatioos are SOO and 3^000* It handles the trafilo of a diitriet 
aTer^ng 7 km. on i?nch side of rtiO tul#(^d having a popalation of 40 per (^.km. Such a Une wiU accordijtglj bris^ 
to the sjatfliiij aasuniiBg a meait economic value for the district, ao oporating-gain of 

U = 15 (800 + 2000) + 10X2X7X40^ 47,600 M. 

It is perhaps scarcely necessary to mention that the general formula is not ^alid 
where extra-ordinary and unusual conditions and circumstances of traffic obtain ; as for 
example, for watering-places, and places of pilgi-imagej or for places much visited on account 
of unusual scenic attractions or for other reasouSj or foi' points of contact with cauals^ or 
for placas haying a heavy bulk- traffic. It must be borne in mind that for such exceptional 
cases the financial value of such a line is not to W estimated, as Michel has done, and as has 
been done hitherto almost univepsally, solely from the gain to be expected from the new line 
itself; but that the increaso in traffic aud the resulting gain which the new line will bring 
to the previously existing ones ^^ nisu to be taken into consideration. 

The gain to the community arising from railways considerably exceeds the maximum 
attainable operating net-profit. The former was found^ — p, 40 — to be^ for a definite volume of 
the traffic, 2i times the net-operating profit, and will probably not be far below this amount. 

But considering the uncertainty of the aiisumptions which are unavoidable in the 
calculation of the public economic advantage, the determination of the financial value 
of a line fram the point of view of private-interest just made must suffice. An examination^ 
based on these calculations, of the number of additional railways still possible in Germany 
shows that the most advantageous density of the railway system is still far from being yet 
attained ; and that an increase of 2 or 2i times the existing state of things would be possible 
-while obtaining at the same time a sufficient return on the capital invested,^ 



[* For an aceonnt of MichcVs mefchod with Coismanti'B modlflcatioiui^ ace L^n Leygtie: Chamiiu defers 
tiotoum g^D^raloB et ^conomiques : CWp. VIl— Bvaltiitiioii das Rftccttee prohablea ties Ligoos nou relies. So© iUao the 
Appendix to thii pamphlok— Ta.] 

[For a nnin<?ncal example of the calculation of prospective rovenue, see Appeadixt p, IOO.-^Tr*] 
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§ 18, 
The Effects of improved Means of Communication* 




The economic effects so often discussed of goud means of comiDunication are most 
thoroughly and completely analysed in Karl Kiiies' " Railwatjs and their Effects ^'^ published 
in 1853 ; andj in more recent ttmes^ in Emil Sa^^a " Means of Communication '\ These 
effects, inflnencin^^ d^eplj and decisively the economic side of existence and the various 
sections of society, and indeed the whole development of human civilization, are not easily 
focnssed into a single picture, because not only are they very manifold and ramified hut they 
also often lead-it p to quite contrary phenomena. 

Although, generally speaking, improved means of communication lower the 
price of commodities by cheapening the cost of transport^ there are, nevertheless, many com- 
modities of which the volume produced is dependent on local conditions and cannot be 
increased at will ; and of these the price is raised. 

Increased facilities of communication, by nullifying their lingual differences irresis- 
tibly leads the divided brancbes of a race fco the attainment of a national uoity ; it imparts 
new vigour to peoples which before appeared almost to be in a process of absorption by more 
numerous or more predominant populations ; and it revivifies languages wbich before were 
on the point of extinction. 

Adequate means of trimsportation renders accessible new sources of enjoyment to the 
masses of the population and condnces to an improvement in the material conditions of their 
daily life ; but at the same time it directly and ruthlessly destroya the comfortable indepen* 
dence of the craftsman and the peasant. Bail ways and steamships while increasing the 
safety, convenience, and pleasure of travelling bring about accidents of a degree of fright- 
fulness previously undreamt of. Again, improvements in the means of locomotion strengthen 
the governing powers in a very high degree ; but, concurrently, these improvements also favour 
the anti-sociological forces and facilitate the escape of the criminaL 

All the manifold effects of improved means of communication which frequently 
manifest themselves as contradictory phenomena may nevertheless be referred and cor- 
related to the same simple fact, namely, the leaaemng of the importaiice of mere iiatanct* 
The command over space is extended, and thereby every manifestation of activity which was 
formerly limited in its development by spatial barriers is enlarged and promoted ; on the other 
hand, every activity which needed the protection of seclusion is weakened and restricted- 

One immediate consequence of the improvement in the e^cisting means of com- 
munioation ia the Increaaed ability to enjoy life, since the efforts are lessened whicti 
were formerly requisite to obtain lnrari€s and to enjoy them: and the same amount of work 
produces a greater volume of general enjoyment than was formerly the case 

Another result of yet greater influence on human well-being ia the lessening of the 
intermittent variation in the price of commodities. The price of a commodity at a given locality 
cannot be greater than the cost incurred in procuring it from a distance, i.e. than the cost of 
importation, nor less than the figure at which it ia sold outside, i.e- the export-price. 
Tlie limits of this variation in price, ue. the difference between the interior and exterior prices, 
is equal to twice the amount of the coat of transport between the interior and the exterior; and 
must accordingly decrease as the means of transport improve. But the less the difference 
between the impori- and export-price the greater must be the increase in the number and 
variety of the agricultural and industrial productions wbich are permanently exported or perma- 
nently exposed to the competition of import irrespective of the various harvest^outtnrns, or of 
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the variations in the cost of production. For bucK commodities there is no longer a differenea: 
between the export- and the import-prices ; the price is subject onlj either to the variations of 
the import-price, or to those of the export-price* The greater stability of prices diminishes 
the many evils arising from their fluctuation and lessens the danger of great scarcities or even 

of famines. 

This beneficial lessening of the intermittent variations of prices, however, m?ikes the^ 
the income of the Agriculturii^t very inconstant and dependent on the harvests. But the 
improvement iu means of communicatioo only injures his average annual income as derived 
from the cultivaliou of crops which are also articles of import ; and this either because iu his 
country these products are not produced to a sufficiently great extent> or because they are 
not producctl under sufficiently favourable conditions. Although any improvement in traffic- 
conditions facilitating imports may tend to injure the agriculturist yet, on the other hand^ 
the cultivation of such crops as are exported will be benefited in an equal degree by every 
improvement in transport facilitating their despatch to foreign markets. 

Consequently I the progressive improvement in means of transport will compel the 
agriculturist to devote himself to 'the productioa of such crops which are or may be ex- 
portable; and to abandon every kind of cultivation which has to struggle against a foreign 
import. Agriculture Increasingly must adapt Itself in the preaence of improved means 
of communication to the production of such articles for which the peculiarities and 
character of the soil and tha climate offer the most favourable conditions; and must 
abandon the cultivation of those crops for wbich the local conditions are less favour- 
able* When the uieaus of communication are undeveloped all the necessaries of life must, so 
far as the climate and the nature of the laud permit^ bo obtained by a country from within its 
ovyn gire'^; whereas with improved communication each special excellence of the grouud can 
be exploited to its fullest extent. In other words, the aims and objects of agricultural labour 
must become n;ore and more specialised to suit the local conditions of the land. 

In an equalj or^ perhaps, iu a still higher degree, the action above described will work 
itself out iu the industrial domaiu. When the production of commodities takes place under 
favouring circumstances the improvement . of the means of transport increases the area of 
their sale at tlie expense of neighbouring localities which offer fewer facilities therefor. The 
producer situated in the more unfavourable localities only maintains himself so long as ho 
merely en-jo-ys the protection arising from inferior meaus of communicatiou. Ho soon as 
improved conmiuuications place him within the reach of a more powerful competition he is at 
once crushed and annihilated ; just as a fortress loses all its importance as soon as artillery 
attains a range which renders possible an effective bombardment from neighbouring heights. 

Mercantile profit is increased through the enlarged area of sale which an advantage-^ 
ously-situated industry obtains by improved communications;, and thereby an impulse is given 
to the fonnation of new business enterprises, mutually competing^ in the same locality. With 
this increase of the number of businesses excessive profits and the prices of commodities 
diminish, which leads to the further lessening of foreign competition, 

Thus for the different braiLches of Industrial commerce special foci are formed 
which offer tha most advantageous conditions for carrying on the particular business 
concerned t This local or territorial grouping of classes of industry offers such decided 
jidvanteges for the improvement of business operations, for the growth of an expert class of 
workers, and for the transaction of business, etc,, that once formed it becomes speedily 
organised in an increasingly distinct manner* 

In this way the division of labour also is distinctly promoted. A separation of indus*- 
trial activity into a series of independent and graded lines of business takes place. Thus^ for 
example^ iustead of a woollen-goods manufactory undertaking all the manufacturing opera^ 
tions from the cleaning of wool up to its exportation, wo have now separate combing, fipinning^ 
dyeing, weaving, and despatching, etcj businesses. In the neighbourhood of the site of 




VkUj specific industry we Gnd the auxiliary bnsinesses grouped alongside ; so that the entire 
economic character of a district m a consequence of the predominant brailches of industry* 
Thus in the case of an industry, just as in that of agricnttnre, the perfecting of commimi- 
cEtions brings out into stronger relief the local characteristics. 

The enlargement of the area of sale greatly increases the exploitation, more 
especially, of mineral wealth : in former times, owing to its great weight this could be sent 
to only moderate distances. Much of this mineral wealth which nowadays conduces so greatly 
to our material well-beiog has been only possible since the means of transport have been 
improved. 

Just as in the case of the mioLng industry so the locally grouped branches of manufac- 
turing industry come in time to assume the features of the larger and wholesale ones. The 
old trade-traditions become untenable; tlie shackles of guild-membership are ruptured; work- 
shops expand into factories* 

The regulation of labour by classes was formerly firmly intercoanected on the craft- 
guild system^ but it rested on a narrow basis* This is dissolved, and with it the rigidly* 
ordered membership of human society , without its being possible to introduce new and satis- 
factory substitutes. Such a powerful and far-reaching transformation affecting all economic 
and social conditions cannot be carried out all at once, but only after long and indecisive 
straggles. On one side there are unreasonable claims*— as is unavoidable; on the other 
there is a too rigid adherence to established institutions. But the hardships and dangers 
of the struggle should not delude us into over-estimating the comfortable peacefulness of the 
*'good old times '^i neither should we be blind to the recognition of the immense economic 
progress and tbe advance of civilization which the growth of large^ssals and wholesale trade 
has brought about. This progress which in all its consequences can hardly be exaggerated 
and which has been possible only through the growth of wholesale trado^ consists in the 
fiUbstltntloiL of manual laboiu by machinery operated by the forces of Nature as motive- 
power. 

By this substitution the human race is, if not entirely relieved, at least considerably 
lightened of the torment and burden of labour under which it has groaned for ages. Many 
useful things which formerly owing to their high price could only be obtained by the favoured 
few have been rendered acc3Ssiblo to the generality by the cheaper labour of machines. For 
numberless sections of human society the enjoyment of life is increased as much by its 
release from the martyrdom of bodily toil as by the creation of new sources of enjoymentt 

In the struggle of competition in the production of commodities sharpened as this 
struggle is by the effects of improved means of transport victory can only be gained by 
fiO perfecting the methods and organisation of labour that either an improvement of the 
quality of the article or its cheaper production is effected. But the manifold and continuous 
exertions of mental activity directed to this end can find prizes worthy of the magnitude of 
these exertions only in largo industrial uiidert^akings ; and from this fact again other and 
further advantages result » The improvement in the methods of work arrived at for oon* 
ducting large businesses becomes equally advantageous when applied to those industries which 
from their nature can only be worked continuously on a small scale, either because their 
productions will not keep, or because these are only produced to individual orders^ or because 
their production demands an artistic endowment and temperament* 

But this wholesale production is not by any means to be regarded as an un- 
qnallfied benefit. The war relentlessly waged against small producers and the struggles of the 
large producers am ougst themselves destroys the property and happiness of many individuals, 
and often sensibly injures the public welfare. This restriction of and injury to the economic 
independence of great masses of the population carries with it serious dangers for the general 
civic existence, for society, for morals and for the family life. The economic and social polity 
should not regard these dangerous to themselves with indiffertnce; bntshouldias far as 
jiofisiUti interrtue ae protectors^ exercising a certain degree of superviBion. 
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Just as in the case of tie meohanical mdustries so also m Agriculture a. transition 
to large-scale business due to the improvement of couimuni cations must take place^ although 
not under the same conditions nor with the same degree of compnlsion* Agricultural 
business can only maintain itself in the face of facilitated imports by reducing its working 
expenses to the lowest degree. The introduction of machinery thus becomes imperative; 
this, however, is only practicable with success in large-scale business. And in addition there 
is the fact already mentioned, vin.^ that the price of natural products is regulated with 
improTed means of transport by the general or world-marketj and only varies within naiTow 
limits; couseqnently, the net-profits of agriculture fluetuate to a considerable degree with the 
harvest-outturn, Thii variability in the annual onttora can only he BuccessfuUy with- 
stood by landowners sufficiently provided either with Capital or Credit : whereas the amaU 
agricultarista fall at once into the hands of the money-lender and are ruined. Here, also, 
as in the mechanical industries, a healthy economic policy carried out energetically and with 
a clear view of the object to be attained must employ every means to preserve the undeniable 
blessings of large-scale bu^^inesa aud at the same time to minimize the pernicious results to 
haman society and welfare that unavoidably arise tlierefrom. 

There is a further danger which threatens Agricultiirej viz,, that arising from thfi 
transformation of the residential conditions of the popnlations brought about by facility of 
communications. When communications were as yet undeveloped the populationa of towns 
often suffered severely during extreme variations in price of the necessaries of existence, 
due to the variability of the outturn of the local harvests : whereas, the country populations 
were exposed to only comparatively slight variations ia their incomes^ since prices rose 
with bad harvests and fell in the same degree with good ones. The towns, in order to protect 
themselves in some measure against these evils, wore compelled as far as possible to take to 
agriculture and cattle-reartug; with the result that the increase of population was kept 
within reasonable limits. 

In addition, the very limited area of sale for the products of mechanical industry 
hindered a further increase of the towns. In former times towns could increase and prosper 
only when they possessed good natural means of .transport by water. 

With the improvement in the means of communication the relations between Town 
and Country have become compUiehj hi verted. The prices of the natural productions of the soil 
now no longer depend on the outturn of local harvests but are identical with the more uniform 
ones obtaining in the open or world-market : The towns arc thus assured a regulated 
subsistence; whereas the welfare of the agricultural population is dependent on the variable 
outturn of the harvests. As a consequence of thia we have the wholesale emigration of the 
countiy populations into the towns. This influs, coupled with the extension of industrial 
activity, promotes the creation of new working classes* The consequent increasing thinning 
of the country population aided by emigration, will render the introduction of machinery 
increasingly necessary, and will accelerate the extinction of small properties. 

The increase of towns leads undoubtedly to a rapid development of civilization : it 
induces the development of large and comprehensive measures for the promotion of health, 
comfort, and agreeableness ; and conduces energetically to the advancement of all branches 
of Science and Art. But the increasing severity of the struggle for existence associated 
with the increasing density of population, the unrest arising from the haste to become 
rich, and the desire to enjoy lea.ding to vice and crime, are certainly not to be reckoned 
amongst the beneficial consequences of the improvement of communications. These phenomena 
should not however discourage ; for concurrently evil has lost the protection of concealment 
and exclusiveness and is thus brought within the power of the Law without a chance of 
escape. 

In purely political matters the improvement in communications i^xhibits itself as 
promoting the formation of large States, But it is only when masses of peoples thus brought 
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together areongiualiy related that the bmlding up of ev great State is in this way strengthetied 
and promoted ; whereas the foreign race-elements present gain new powers of resistance against 
absorbtion bjr the dominant population. Gunpowder when distributed in single grains througli 
mass of sand is innocuous : but if the individual grains are broaght into contact one with the 
other — thus rendering possible a simultaneous ignition — these same grains can occasion violent 
disruptive effects. Similarly, sections of society now iuimical and dangerous which before the 
improvement in communications were unable to combine in action and which were accordingly 
repressed without difficulty, now become powerful by the facilities o£ travel and dangerous 
from their greater capability of united action. Every foreign element in a people which 
formerly had almost escaped notice and had been regarded with indifference becomes after the 
improvement of communications a veritable thorn in the flesh ; just as salt distributed in a food 
is a pleasant relish, but the reverse when it occurs in a lamp. Different peoples who formerly 
lived together in mutual peace^ now with the advent of improved means of communication 
fall to blows and strife which can end only with the suppression of one or the other. And 
similar results are seeUj although not with the same distinctness, in the living side by side 
of the adherents of different religious profesaiouB.* " ^ '^ , 

Thus in the distribution of peoples, just as in the domain of economicSj the improve* 
meut of communications leads to distinctive groupings * 

The ppculiar character of locality thus becomes more distinctly marked and acquires 
in every way a vast importance for precisely the same reasons which w^eaken the effects 
o( distance and liberate mankind fmrn attachment to the soih The facility now attained 
of change of place gives men an increased power over Nature and leads them to loftier 
aims in life. All the beauties of Nature, the treasures of art and learning, formerly only 
accessible to the favoured few, have thus become the common property of mankind. 
Buds of spiritual life which formerly mostly withered where they grew now find in enlarged 
space the condition most favourable to their development. 
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[* kU thes^ u'e ftUnsionB to th« p^iitfM conditioDi of the new Gc^rfnaii Empire.— Tb,] 
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APPENDIX A. 



CLASSIFICATION OF RAILWAYS- 

Ie Gertnany Uailwajs are, for technical purposesj classified as : — 
(1} Main-IineB, (Vollbahiien) : 

(II) Stibsidiaryj (Nebeobahnoo,) or Secondary, or Vicinal lines: 
(III) Local, (Kleinbahnen,) Minor, or Tertiary, lines. 

The exact extent of meaning of the terms, "^Main" and " Subsidiaiy ^' is in 
Germany defined by law : so also in Prnssia i^ that of tlie III Class^ or Local lines. 

The distinction drawn between the above classes of lines does not depend on the ganga 
— as might be imagined — for all of them may be either Normal-gauge (l*436ii^) or narrow; 
and the first two may also be broad-gaiigei The distinction depends on the nature of the 
trafficj actaal, or possible — in the case of new projects — on the manner of working, and on the 
particular regulations in force thereon — whether those fixed by law, or those in force by the 
joint mutual agreement of the Railway Administrations — viz, ^* the TechniscUe Vereinbarun-i 
gen "-^or ''Standard Conventions " answering, in a way, to the Indian "Standard Dimensions," 

L To fflaiu lines of the First Class belong especially those lines which mainly cany through- 
traffic over great distances, VIE., international business, connecting two terminals by the shortest 
possible route. Local interests are quite subordinate. Lateral deviations are to be avoided, 
even when this involves leaving aside the larger towns* In such lines the great object to be 
attained is cheapness of working, in comparison wherewith cost of construction is qnite a 
secondary consideration. 

Main lines of the Second Class also include those lines whose object is to join-up the 
more important centres of traffic of a country. Detours to important towns are not only 
permissible bat desirable, together with severer curvature and gradients. They may also under 
these circumstances possibly come in for a share, more or leas, of the through-traffic. 

There are many lines of characters lying between these two classes, and a precise 
discrimination in every case is not possible. 

IL Subsidiary lines are those of which the object is to cheaply connect out-of-the-way, remote, 
and unimportant districts with Main lines ; and to confer the advantages of improved com- 
munications on populations of less favoured districts; at the same time these lines often act 
as feeders to Main lines (Local traffic)* They are usnally of moderate length; of normal- 
gauge, similar in all essentials to Maiu lines of which they are frequently only branches^ 
The maximum speed is limited to 25 miles, the gradients to ^ and the minimum radius of 
carves to 180™. In Austria a more general extension of the term includes, 

IIL Tertiary or Local lines, viz., Industrial lines — usually private undertakings — connecting 
factories — often lying in valleys or on plateaux — with Main lines, etc. They may be of either 
normal- or narrow-gauge, 1*^ to ^7b^ ; they have small passenger* traffic, and a goods-traffic of 
raw materials ; are of short length and have stiff grades f^r land curves [l*° gauge: ij = 60°*; 
•76ni gauge, B = 40™: vO" gauge, B = 25"^] and the maximum speed thereon is 30 km/hr. 
They differ amongst themselves both in construction and in their economic importance, and 
are usually only worked during day-light. 

** Kleinbahnen" in Prussia constitute a class apart from the above. They comprise 
suburban tramways and street-railways, whether worked by horse, steam, rope, gaa, or 
electricity. They are not subject to the Railway Law of 1838.^ [Te,] 
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APPENDIX B. 



Note on the ^*Verein." 

The growth and development of Railways in Central Europe has been greatly pro- 
moted by the existence of the organisation known as the '* Verein Dentscher Eisenbahn- 
Verwaltungen^' J or "Union of German Eiulway Administrations/' 

From its earliest beginniuga the Verein had recognised that its most important func- 
tion was the introduction of uuiforrnity in all Engineering and traffic matters; and to this 
end it inatitiitcd Technical Conferences at which the representativea of all the Railway 
Administrations assembled for general disciiflaion. It is perhaps hardly necessary to point 
out what great importance and value such an institution must have where the many-sided 
experiences of its members drawn from the most varied circumstances are, as it ware, focttssed 
to a single point of view and discussed by eininent specialists of different schools. 

These Technical Conferences produced a mass of raaterial of thn highest valuej the 
publication of which in the Supplement Volumes of the " Organ f Up die Furtschritte des Eisen* 
bahnwesens in tech ni sober Beziehung ^' constitutes a mine of wealth of engineenog science- 

The earliest of these Conferences was held at Berlin (February 1850), since when 
they have been continued at odd intervals of years down to the present time. The meetings 
at Hamburg, Constanz^ and Gratz are notable for the production and publication of revised 
*'GrfundzUge fiir die Gestaltnng der Eisenbahnen Deutschlanda " (Principles for the Forma- 
tion of German Railways) whichj since the Dresden Meetings have become celebrated iiuder 
the title of " Technische Vcreinbarungen des Verein s Dentscher Eisenbahnverwaltuugen '^ 
(Technical Decisions of the Union of the German Rait way Admioistrationslj standardising 
and regulating the construction and traffic arrangements of main liuea* 

Thei€ " Deciaiona'' are practicatly the expression of the sublimated opinions of the 
most eminent Railway Engineers in the German Empire on disputed points of Railway practice. 
Althougli devoid of any official governmental character, they possess an authoritative effect 
in themselveSj indicating as they do the high water mark of existing railway knowledge ; and 
they aeeordiugly form the standard of technical practice in the German railway- world- — [TeJ 





•APPENDIX C 



Collections of the Rules and Regulations in force. 

In connexion with tbe preparatory techuieal stmlies of a project of a now rarihvaj 
there are a number of Rules and Regulations to b© f observed which have grown-up in the 
course of time and become standard. 

Such Regnlafcion&i hare been drawn up by the Vereii), or Union of German Railway 
Administrations; some of them are nnconditionallj binding on all the rnilways in member- 
ship with the Yereiuj while others are only more or less so. 

In regard to tbo different characters of the lines^ there is a distinction drawn between 
Main lines anrl Secondary linos on the one hand^ and Local lines on the other ; and correspon- 
ding to this classification there are two independent collections of Rules and Regulations, 
Under the term Local LineSj is included also the ao-called small railways coming under the 
(Kleinbahm) law of 28th July 1892, when worked by steam. 

The difference between Main and Secondai'y lines is defined in two collaotions which 
regulate railway practice within the domain of the Verein* These non-official collections of 
Regulations are : — 

(1) The Technische Vereinbarungen (liriefly referred to in technical literature as 
T.V,) or Technical Resolutions agreed npon for the standardizing of the 
construction and working of Mam and Secondary railways* (Berlin 
Technical Congress: 28th, 29th, and 30th July 1896), 

(2) The Grundziige{= Grz, f* L.) — or Principles for the construction and work- 
ing arrangements of Local lines* (Berlin : July 1896). 

In addition there are two Codes of Regulations issued in 1892 and binding bylaw 
In the German Empire. These although differing in i^oints are closely modelled on the abore 
unofficial Regulations of the Verein. The Regulations relating to Secondary and Local lines 
are comprised in one collectioUj and not the Main and Secondary, as might be expected; and 
Kleinbahnen as defined by Prussian law, Le. trams and street railways, are not noticed at all. 

These Go^os are the following : — 

(1) Standards for the building and equipment of German Main lines {Brieriy 
referred to in technical literature as N. F* H), 

(2) Traffic Regulations for German Main lines* (== Bt.O) 

(3) Regulations for German Secondary liaes (— Bhn. 0.) 

The above have lately been slightly modified by the Imperial Chancellor on the 24th 
March 1807- 

[Handbnch der IngenietirwisaenBchaf ten : Vol I, Part I, p. 33] . 
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APPENDIX D. 



Rail vs. Water Transportation ; a Defence of the Latter. 



The EditdEj 

"Ekgineeeikg KewSj — '* 

Sir ; Li yonr issue of Oct. 26* you aTinotiiice that a railroad lias a new locomotive ; 
wliicli plienoinenon iii^pires au editorial entitled " The Eevoliition in Eaihvaj Transportatioa/* 
The raotivu of which seems to be the theory that under ideal couditiuiiij and ** neglecting 
terminal charges '* a railway can move freight in 2j000-ton train loads, and for a mill per 
ton-mile. 

(1) Wherein does the ^^ revolution" consist ? This is certainly no news to those who 
keep reasonably well posted on tmnsportation matters. But it does not mean that many men 
now living will get freight transported by rail at any such rate. Between that dream and its 
fulfilment interpo-se two facts^ viss.^ "terminal charges'^ and the percentage of efficiency of 
the railway as a machine* 

(2) The same editorial indicatea very clearly (assuming your figures as unital) that 
this efficieney in aboui 25%, and that on a railway approximating yodr ideal conditions the 
mill per mile vision materialities as a 4-raiil rate, I allude to your statement that in 1898 this 
rate ruled on the Pittsburg & Bessemer Ey. The builders of this much4alked-of road were 
advised {fi*ee and at a price) by all the doctors and announced that it should be the latest and 
beat thing in railroading and give the lowest freight rates possible by rail transportation. The 
outcome is the 4-mill rate^ — certainly not revolutionary, and probably disappointing. 

This is not good stuff to make dreams of ; and its force is attempted to be broken by 
tlio statement '* The traflfio" (on the P** & B.) ^^is almost wholly in one direction and the 
It^gth of haul comparatively short, making the tenninal expenses a large proportion of the 
total, '' 

Now the return traffic is there in abundance : and other roads (as the Pennsylvama) 

haul itj presumably because they can haul it cheaper. The terminal espenses on the P. & B. 
ought to bo less than ou any trunk line because one terminal is an ore dock where the cars 
are loaded with a steam shovelj and the other is a stock-pile where the cars are dumped^ and 
which costs the railway not one cent, 

(3) It is erroneous to assume that through trunk-line traffic can be handled at a 
lower rate than local bulk freights. The volume of the latter is more regular : and such freights 
generally do not cost the railway a cent for feerminalSj being loaded and unloaded on the patrons' 
switch* 

(4) On the contrary, traffic such as interests New^ York requires terminals of tho 
most expensive kind j and the volume is less regular, A close reasoncr would expect to find^ 
what actually obtains, the cost of through freights higher than costs for local balk freights. 
The Pennsylvania, whicli handles 10 tons 'MocaF^ to one *^ through/^ conducts transportation 
1/4 cheaper than the New York Central, which handles 2 tons " through'^ to 1 "local.*' The 
latter roadj w^hich, more nearly than any other trunk linCj approximates your ideal physical 
conditions, charges rates averaging more than five times the mill per ton*mile editorially set 
forth as its proper compensation. 



(5) IE til© people of tUis country were led to boHeYe that railway freight can be carried 
for one mill per ton-mile^ they would believe that the railways do it ; and they would believe 
the railway officials to be a gang of thieves for whom bo treatment ooold be too severe ; and 
legislation would bo bo drastic as to smash our business orgauization and bring our govern- 
mental system to anarchy. 

Such fallacious reasoning, while out of place in a sober professional jounial, and only 
likely to breed niiadiief^ is less surprising than the misstatements of fact which characterized 
the editorial in queationj as witness the following : 

Americati railway managera hare proved to tlie worid Uiat with the uteol rail as a roadway, and stciam ftir 
HiotiTC power, freight cnn bo moyed tat more olieaply than in any artificial waterway or river cbanneL • • » • ♦ 

We havo ahowa aboro that Ibo nkilway can carry freight at loas cost than any inland waterway, river or 
canal. 

No proof of these assertions was printed in the editorial in question ; and no such 
proof exists. On the contrary^ oft-published and well -authenticated statistics prove the very 
reverse of these statements* 

(G) As long ago as 1891 the whole cost of bulk freights on tlie Ohio and Mississippi 
rivers was giveUj in official reports, as half a mill per ton-mile; and recent statistics show 
much lower costa, Eecont reports Lave given instances of rates on small barge canals in 
England of 1/imill {this fignre is from inemorj, see " Water Commerce Congress,*' 1893; 
and others). It is w^ell known that barge transportation on the St, Lawrence approximates 
lake transportation in cbeapness. The cost on the Erie Canal ditch and Hudson Iliverj in 
240-ton bargesj is even now only 1,5 mills, with more than half the season wasted in port 
and a considerable part of the remainder lost in unnecessary locks, A sensible revision of 
terminal arrangements and locks would enable the Erie boatmen to make enough more trips 
to cut ihe rate below the mill per ton-ttiile figure. 

The report of Maj* T, W. Symons gives an estimRed rate on an enlarged barge 

navigation of 0,54 mill with the barges losing half their season in ports. 

The figures publisbed by me in 1895, based on then-existing conditions, and substan* 
tiated by all subsequent valid dataj gave the estimated transportation costs between Chicago 
and New York via the proposed St. Lawrence, Champlain^Hudson ehip canal, in a 7,000- ton 
ship, reduced to ton-mile rates, as follows ; 

With Full Eetum Cargoes, 

^^^^^ Condaotmg twmaportftfcion »., ,.. „, „, .., *.* 'Oil 

^^^^^^ Witii prallti and amortkatioiL udded ... .4, „> '017 

^^^^^H With termiDul eliargc^s added ^., *.« ... ^,t ..« ..- *028 

^^^^K With Hulf Eattmi Cargoes. 

^^^^^H Condacbmg transpartation ..* ..« „. ... ■OIS 

^^^^^^ With prof] ti nnd amortization added ,„ t^i* ..* ... '0£4 

I^T With terminal chaTgeft addod ... ,., ,„ .,. ... '085 

Farther citations are not worth while jast now becaGse the forthcoming reports of the 
N* Y, State Commit tea on Canals and the U, S. Board of Engineers on deep waterways will 
shortly bring the data up to date. 

The editorial states ** Terminals for railways are in general cheaper than those for 
waterways/^ 

This has no application to canal boat freights, which pay no wharf rent in this port. 
So far as ib applies to the matter, it is an argument in favor of a sliip canal and the abolition 
of breaking bulk at Buffalo. The interest on terminals is a fixed amount ; and the longer the 
haulj the less it amounts to per ton-mile. On shipments from Chicago, taking present pier 
rentals as a basis, and supposing all the freight to be handled on a pier doing half the busi- 
ii^sHit is capable of, and the entire inte^e^t paid by the incotnitag Ireight, it would amount to 
less th^ti 1*50 of a mill per ton-iiiile. Th^ editorial statement may be trtie *^ ita gfcBiieriil," iti 
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small towns; but in particnlafj in great ports such as tbiSj it is antrue^ aa ia patent to those 
who note the great oxpena© and difficulty of enlarging our railway terminala* Every, few 
days I pass a terminal built by one railway whicb has cost morej probably, than New York 
has spent on her water front in ten years. 

New York water front property taken in condemnation proceediDgs a few years 
sincej cost about §450 per front foot, or 60 ets. per ^q. ft,"; and first-class water front pro- 
perty, on the now 40-ft- channel and 1,800 ft* fro!U street to pier linej can be bought for ^600 
a front £t.j or 30 cts, a square foot. Tho improve mentSj also^ are cheap and efficient. One 
steamsbip company liero receives and dispatcbes a 3,000 to 3j500-ton ehip every day^ using 
one medium-sized pier* 

In view oE what precedes it^ one cannot wonder that the editorial should '* point out 
that it is to the railways and not to the canal that New York muist look for the preservation 
of its export trade." Tliis sounds like a jest, unlesHj indeed^ the suggestion of a more recent 
editorial ia seriously meant, tbat New York state should build and maintain a trunk line rail- 
road. It is well known that the railways have for years maintuiued a heavy differential 
against tho port of New York j and experts know tbe reason for it, and that it cannot be done 
away witb ior at least a generation, except by a modern waterway or a state railway to the 
Great Lakes^ with complete connections and terminals. 

(7) The facts are as follows : The only trunk line railroad vitally interested in having 
rates favor New York is the New York Centi-ah Unfortunately this road has not nursed 
industry along its line and coosequently has a relatively small local tonnage, and depends for 
its existencQ on a profitable througli traffic* 

On the contrary^ the Pennsylvania, the Colossus ol railways, has coddled its local 
industries until almost its entire length realizes your ideal of " freight delivered wherever a 
spur track can be run," and islfcupported by a local tonnage 10 times its through business. 
Therefore the Pennsylvania is master of the situations and will bo, so long as controlling rates 
to the seaboard are made by private corporations. In a rate war its vast preponderance of 
local business would enable the Pennsylvania to Diake and maintain through rates which wonld 
bankrupt the New York Central in two seasons. The people of this State will not heed yonr 
advice because it is contrary to facts and logic. 

(8) New York city ia a mercliant, and lives by the profits of exchange. A merchant 
cannot long succeed if he permits his rivals to control his trade. The rivals of New York do 
control New York's traffic in the vital mutter of freight rates, IE this condition be long 
contiuuedj the bulk of trade will go where it can go cheapest ; and wealth and population will 
follow it. 

These conditions inhere in the existing transportation armngementsj by virtue of 
which private corparations, not subject to control by Now York state, can make the controlling 
freight rates to the seaboard. New York cannot remedy the situation by legislation affecting 
railways because the railways which control the situation lie without the state. Attempts at 
legislative cure-alls wonld ruin our state corporations without benefiting the situation. But 
New York can control the situation and her own rivals' business by complying with the law^ 
of trade. 

The only practicable water routes from the Great Lakes lead to New York. No other 
Atlantic port in the United States can be connected with the interior by a good water route 
at a cost commercially practicable. New York can be connect<?d with the Great Lakes by a 
I2-ffc. barge navigation which can move freight at I-IO the prevailing rail rates and i tbe 
dream rate ; and by a ship canal which can move freight at 1-20 the prevniling rail rates and 
J the dream rate, 

, Wise policy will lead New York to do one or both these things, and forever assure 

her citissens the controlling freight raties. So to do will not only give her citizens control of 
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coinnierC0j bat also save and profitably invest at least a small part of their surplus earninga. 
This aspect of the matter shoald not be overlooked* The only investment savings of the great 
mass of wage-earners are those invested in wise public works. The average man cannot 
attain to invested remunerative personal savings. At best he can own a bome^ educate his 
chOdren, provide his family the things usual to their condition, and by life insurance, protect 
his widow and orphans from tlie worst shocks of fortune. 

But the state, by wise public worksfj not only makes investment gaviugs for the wage* 
earner, but also for his poster ity^ s^iiving the present surplus and also that which is to be^ and 
angmenting both, and bringing immediate and constant returns to the wage-earner in higher 
wages with greater purchasing power. Such works as above contempleted are the best and 
wisest of their kiad; in the present instance tliey are the only %vise procedure: for^ whatever 
our opinion may bo as to future state or national ownership or regnlatiou o£ railways, every 
intelligent man must admit that the peculiarities of our federal syBtein, and the extreiuo con- 
servatism inherent in its structure, make it extremely unlikely that such a result can be attained 
except by long and paioful experiments^ which will stretch beyond the Hves of us and our 
children. The twelve years* experiment with the luters^fcate Commerce law certainly confirms 
this view. To begin experiments in state legislative cures may benefit some future generation, 
but hardly this — a result desirable but not satisfying. 

A state railway would prove a costly disappointment. The Pittsburg & Bessemer 
road and its 4-niill rate are conclusive evidence to that fact. That road is up to date and can- 
not be much improved on at present. A state rail way j to be of practical value to New York's 
commerce, must have complete railway connections at Buffalo and terminals at both cndsi 
and thje varied character of the commodities it must handle makes it certain that its terminal 
costs would greatly exceed those of the Pittsburg & Bessemer, which was built to reheve at 
most two lines of business. It is therefore certain that the suggested state railway could not 
handle the freights of New York a^ cheaply as the P. & B. can handle its limited list of com- 
moditiesj and the resulting freight rates would be little if any lower than the 4 mills obtaining 
on the P. & B.f even allowing that there are no charges for interest and maintenauce 
of way* 

On the Other hand, rates less than a mill per mile arc certain to re-iult from building 
either the 12-ft. bargo canal, or the 20-ft. sliip canal^ — ^facts which have been theoretically 
demonstrated and will be fully substantiated by the forthcoming reports above referred to. 
That of the U, S. Board of pjogineers on Deep Waterways in especial, 1 hear it said, will 
be an engineering classic^ and give the latest and fullest data relating to this most important 
subject. 

Respectfully yours, 

Channcey N, Button, 
Bowlinj^ Green Building, New York city^ Nov, 18 ^ IB99, 



We have taken the liberty of numbering certain paragraphs, in our correspondent's 
letter, for greater clearness iu replying to some of his stateraenta : 

(1) We do not know what our correspondent means by the " percentage of efficiency 
of the railway as a machino." As nearly as we can gather, however^ he means the x'atio 
between the actual coat to a railway compauy of handling traffic (including in this cost 
interest on its invested capital)^ and the rate wdiich it actually charges* ^ Now, as a matter of 
fact J a railway company does not take into account the cost of moving traffic in making its 
rates. It figures on what the traffic will bear, and makes its rates to suit that. The Pittsburgj 
Bessemer & Lake Erie R» R, carries its freight at the lowest cost that its managers can secure 
by exercise of their best abilities, but it charges for this service all it can get, and so long as 
railways are run on the competitive basis is within its rights in so doing. 

(2) Our correspondent thinks experience with the P-j B» & L, E, R. R, is "prcb- 
ably disappointing*" Against this we may very fairly sot the remarks of Mr. Andrew 
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Carnegie, who knows a thiDg or two abaiit raiJroading in general and about the railroad 
referred to in particular. In an address before the Pittsburg Chamber of Commerce, Nov. 10> 
1893, Mr, Carnegio said : 

I wc^ the tirst to BUgg<;st that tlio nbfttt^lotif^il clonal Bliould be r4?|»Iac.'c?d bj a deeper one which should 
lead the waters of Lake EHe mlo tho ObitP, Conditions, howE^TOFf ha^a chatiged, Such haa bocn tho progreM of 
tftilwaj dcTelopmont that if we had a catial to-day from Lake Erie tb rough the Ohio Valley to Beaver, and it wa» 
opened free of toll like tho Erie Canal, wo could not afford to put boats on it * • • It is oboftper to-daj to trans* 
foe tho orr in SO- ton cart and bring it to onr works in Pitt^bnrg oTor our railway than it wotdd be to bring it bj oanal . 

That does not soimd to us like disappointment. 

(3) If our correspondent would talc© a job as traffic manager of a railway, he might 
change his mind ^onceriiing th© cumparati%^e cost per ton- mile of handling local and through 
freights. As tlie next thjug we suggest that he tako a daj^s rido in tho caboose of a through 
freight and see wliat an astonishing number of ton-miles are manufactured in the coarse of ten 
or twelve hours. If he will then spend anotlier day on a way freight, picking up and setting 
off cars at f very station, he will come to appreciate how much smaller i^^ the output in ton -miles 
for a given expenditure of labor and a given investment. As fur local trafRc " not costing the 
railways a cent for terminals," a yery large proportion of the through traffic as well as tho 
local is loaded and unloaded on private sidings. The cutting out and switching of cars to and 
from thefio sidings constitute ^* terminal expenses," however, and is an itoni of no small 
proportiuu in the railway expense account. 

^4) We warn our correspondent that it is easy to draw entirely erroneous cunclusions 
from aveniges of ton-mile rates* His statement that the New York Central carries 2 tons 
through freight to 1 of local is wide of the mark. Tho annual report of the New York Central 
company shows aboQt six times as many tons of local freight handled as of through freight. 
The diftVrcnce io the average ton-mile rate of tho Pennsylvania and New York Cmitral is not 
due, therefore, to the former company handling local freight and the latter through freightp 
We belitfVe it to be due to the great volume of soft coal traffic on the Pennsylvania, which is 
moved at very low rates, sometimes, we believe, as low as 2 mills per ton-mile* 

(h) We. have stated phrinly und*^r wluit conditions the railways can move bulk 
freight tr*iffic at very low rates. One of these conditions, and perhaps the most important 
one, is that they shall have the traffic to move, fso far ^s the waterway routes are successful in 
divert iu*^ iratfie trom the railway lines, they incroaso the costs and necessary scale of charges 
for rail transportution. 

(G) We freely admit that coal from the upper Ohio is carried down the Mis?^issippi, 
by the peculiar s^ystem of transportation which h-is grown up there, at a rate which is given by 
Major Sym-ius a* 71 cts. per ton for a voyage of 1,970 miles, or 0*36 miU per tou-mile. We 
know of no oilier instance anywhere of any such rate being reached for freight transportation 
by river or canal, and are compelled to doubt the accuracy of Mr, Dntton^s memory respecting 
rates on EngHt^h barge canals* The important point which we wish to eniphnsize, however^ 
is that practically all published statements of rates for wate^r transportation, and especially 
of rates on canals, are f^eriously misleading in that no allowanco whatever is made for 
the interost ou the money spent in creating and improving the waterway or for the finnual 
expenditure for its maintenance. 

Now if any fair comparison of the costs of rail and water transportation is to be 
made, it munit evidently be upon an e<pud basis* If in the case of the l^^rio Canal we are to 
omit f he interest upon its present value as an investment to the state and the state's annual 
expemlitnre u^ on it, then we should also omit in computing the cost of rail transportation the 
interest on the coat of the roadway and tho annual expenditures for maintenance of way. 

The proper way, however, is undeniably to consider all the expenses of the waterway 
and railway alike. Figure Erie Canal rates on this basis, and they become something quite 
different from the 1 1 mills per-ton milo which our correspondent claims. 
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Aa for tte proposed large barge canals and ship canaU^ the case becomes much 
worse, as tbe investment and maintenance account are bo greatly increased* Doubtlesa 
Mn Dntton will say the since the Goverumeut builds and maintains the canat it is proper to 
omit its expenditures from the cost of transportation ; bnt this seems to UB fallacious and 
dangerous reasoning. What the public wauts to know is what is the cheapest machine for 
moving freight, the railway or the waterway, and it lb entitled to a fair and honest answer. 

(7) Siuce Mt\ DQtton's premises as to the proportion of local and through traffic oa 
the New York Central are so faulty, it is reasonable to doubt his conclusioii§» 

The reniainder of our coiTespondeut's letter contains some matters already answered 
above, and others with which we are far from ngreomeui, but to which time and space do not 
now permit a reply* — Ed.) 

Bnginaering News: 23fd Nov, 1899. 



Railwaya va. Canals— conlinmd. 

From one staiidpoiDt the new line may seem a roundabout route from the anthracite 
fields to New York, but the distance is purtially offset by the very favourable grades. It is 
said that it will be passible to tnove train loads of 2,000 tons from the collieries to the terminus 
at Kingston, Here connection can be made with the West Shore Boad which, with its ample 
terminals at Weehawken, should be able to handle a very large coal traffic. The bnik of the 
coal, however^ will doubtless go by water from this point, and as tho depth of the Hudson 
from New York to King.iton is sufficient for large ocean steamers, the cost of this haul should 
be very small It is true that the Hudson is closed by ice during part of the winter ; bnt tho 
ice is not so heavy that it would be a difficult or expensive matter to move barges through it, 
with an ice»breaking propeller to tow them j during any save the most severe winter weather* 

A feature of great interest to engineers in connection with the proposed railway ia 
that it follows for the whole distance the line o£ the old Delaware & Hudson Canah W& 
know of no more convincing object lesson of the superior economy of the railway to the canal 
as an agency for liandling bulk freight than that here presented. As our readers will remem* 
ber, the Delaware & Hndfion Canal Co* decided a year ago to abandon its famous old canal, as 
it was found m'>re costly to trausport its coal to the New York market over it than no ttirn it 
orer to the Erie R. B., and haul it over the by no means favourable grades of that road to 
tidewater at Jersey City. Now comes a new company, purchases the old canal and uses its 
right of way for a railway line to move exactly the same class of traffic that the canal was 
built to carry. 

The public has often been told by the canal enthusiasts that the reason for decay 
and disuse of the old time canals was the machinations of the railway companies which com- 
peted with them, or the neglect of the public officials in charge, where the canuls were under 
tate controh 

In the present case, however, the entire transaction has been in the hands of piivate 
corporations. The Delaware & Hudson Company had no motive whatever for abandoning its 
old canalj except the fact the cost of maintenance and operation was too great to make it 
profitable. The new corporation, if it could see economy in moving its freight by canal in- 
stead of by rail, would doubtless repair and use the old canal instead of building a railway 
lice to replace iL Its managers believe it to be cheaper to build a new railway line and pay 
the interest on its cost than to attempt to maintain and operate a canal already built. We 
commend this fact to the thoughtful consideration of those who are so persistently urging the 
expenditure of state and national funds on waterway conatruction and wlio have not yet 
fouud out that the line of rails on solid ground has proved itself a chenper highway for 
freight transporation than any shallow water channel, either natural or artificial 

Engineering News : — ^^ A New Outlet tor Anthracite Coal TraffiCj" 25th January I900t 



68 

What shall New York do with its Canals?— (Extracts from the) 
Report of the Governor's Advisory Committee. 

The commisBion appointed by Governor Roosevelt in March last to iavestigate and 
decide upon tbe wisost policj for the State of New York to pursue towards its canals has 
completed its work» and on Jau. 15, presented to the Governor its forma] report. This is 
contained in an octavo vol amo of 231 pagesj of which 43 pages are devoted to the report 
proper, and the remainder to a number of appendices in which some of the data made use of 
by the committee in reaching its concluaions are set forth at length. In a separate volume - 
the correspondence aud opinions of varions engineers and other experts upon the proper 
policy for New York to pursue with reference to its canals are given in fall. The two voiumea 
constitute a most valuable contribution to engineering literature, and should be obtained and 
preserved by all engineers interested in modern methods of economic transportation. 



Devblofment of Water Traksportation in Edhofe, 

In considering this question of the relative advantages and coat of rail and water 
transportation, we have given much study to what is being done on the Coutinent of Europe ; 
and one of our committee, Mr. P* S. Witherbec, has visited Europe for the purpose of gain- 
ing information on this point. His report is transmitted herewith, and a large number of 
documents^ plans and photographs which he brought back have been deposited in the office 
of the State Engineer. It is found that on the Continent of Europe so far from the canals 
being decadent during the last 30 years, they have been constantly enlarged and improved, 
enormous sums having been spent for this purpose^ and the result has been an extraordinary 
iucreasd in this class of transportation. It is well kuuwu that the railroad rates in Europe are 
much higher than in America. There are several reasons for this. In Europe there is none 
of the long-haul traffiC| which is so much less expensive to carry, and accounts for so large a 
part of the lower ton mile rate in America. The management of the railroads ia also less 
efficient On tho other hand, the raanagement of the canals has been more efficient than with 
ua* The result has been a far greater development in water traffic than in rail traffic during 
recent years in France, Belgium, Germany and Russia* 

In France, since the war with Prussia, over 400 miles of new canals, and nearly 500 
miles of new river navigation have been constructed, making nearly 7,000 miles of internal 
water-ways i the water traffic hag increased from 1872 to 1897 by 140%, whereas the rail 
traffic has increased by but 75%< The little State of Belgium has expended since 1860 not 
less than §50,000,000 for enlarging its canals, and the water traffic increased from 18SS to 
1806 by nearly 40%, aud it ia significant that the increase in the transportation of miecellane- 
ons package commodities during the same period wag 54%. 

In Germany, the same process of betterment and extension of canals and water routes 
is continued. During the past year the new canal from Dortmund to Emden has been 
completed, and opened for traffic; this canal being cspeciaily noteworthy for the famous 
pnoumatic lock at Henri chenburg, where vessels are lifted 45 ft. from one canal level to another 
at one operation. The modern tjpe of canal boat in use on this canal is a barge of 1^000 tons 
carrying capacity, built of steel, about 230 ft, long, 30 ft. wide, and 74 ft. draft, and costing 
only $5,000 each. The propulsion is entirely mechanical— either by steam or electricity* It 
is well known that the German Government is planning a trunk route between the rivers Rhine 
and Elbe, and is strongly in favor of a large extension of its canal system ; and that its plans 
would now be in process of being carried out but for the opposition of the agricultural interest, 
which fears the effects upon its own property of the rediiction in rates which would certainly 
follow the execntion of these plons. 

In Euesia, even greater efforts have been devoted to the development of the water 
rentes on canals and rivers, the sum of $80,000,000 having been expended from 1S91 to 1896 
for this purpose, and in the same period the internal water traffic has increased by 70%. 





This traffic on Rusgian intGriial watera accommodates 1/500 steamers^ and 60^000 canal toats, 
with crews TiiiTnbering 300,000 mon. Vessels 200 ft. long can traverse the whole length o£ 
the country from the Caspian Sea to St. Petersburg or Archangel (2,500 miles). 

We do not think that these facts can be averlooked in the consideration of this 

problem. They show that in countries where the keenest competition esLiBts not only within 

each country, but between each and its neighbour, effort is being made to gain an advantagej 

or, at leastj keep on an equality^ in the competifcion^ by reducing the rates of transportation, 

and that to accompUsh this large sums of public monej are being spent to enlarge and improve 

the water routes; thus confirming the general proposition that under equal conditions of 

managoment the water route, even in a restrictfe^d way like a canal, is cheaper than the rail 

Toute. 

Relative Cost of Rail and Wateb Transfoetation. 

In our judgment, water transportation is inherently cheaper than rail transportation. 
It varies .^lightly Avith the si^e of the vessel and the restriction of the waterway. On the 
ocean, where the waterway is entirely unrestiicted and the si^e of the vessel is the maximum, 
it averages about half a mill per ton mile ; * on the lakeSj where the vessels are not so large, 
and occasional restrictions are encountered on the waterway^ it is about six-tenths of a mill 
per ton inile;t on the canals of New York where the boats are very small, the waterway 
greatly restrictedj and obsolete methods are emploj-ed for handling the business^ it is about 
2 mills per ton mile. By tho enlargement of the caual which we recommend^ and the intro- 
duction of improved methods of management, we believe that the canal rate can be reduced 
to two-thirds of one mill per ton mile, or very nearly as low as the lake rates. All of these 
rates have varied in the past and will vary in the future to correspond with prosperity or 
tlepression in general business. But there is every reason to believe that they will maintain 
a corresponding ratio, the oceauj lakej and caoal rates beiog from one- third to one-fourth of 
those by rail. The reductions which may be made hereafter in the railroad rate can be met 
by similar reductions in all three clasj^es of the water rates, provided the same methods of 
skilled management are applied to all 

Moreover, the canals have been largely limited in tlie past to the lower grades of 
freight, and this is equally true of the transportation on tho lakes. The canal has thus 
been in competition with the classes of freight which pay only between 2 and 3 mills per ton 
mile, and which the railroads will carry at a loss rather than lose the business, whereas, the 
railroads carry other classes of freight, some of which brings as high as 15 to 20 mills per 
ton mile, and the average freight, including the low grades, as we have seen, being tibout 6 
mills* There is no reason why the canals, if enlarged and properly managed, shonld not 
compete for the higher grades of freight, which, at prices far below those charged by the 
railroad, would bring very profitable returns on the lakes and canaL 

Why Ratlways obtain Tkaffic at Hiohbh Rates than the Can At, 

The statistics which accompany this report show that iu 1863 the canals carried 
44% of the tonnage across the State, and in 1898 only 5%, In the matter of grain (in- 
cluding flour) in 1868 the canals carried 76%, and in 1898 10%. Yet during all of these 30 
years, the rail rate has always been in excess of the caual rate. There must be a reason why 
shippers and merchants are willing t-^ pay more for transporting grain and other articles by 
rail than by canal, and the reason is chieHy because the railroad conducts the business ac- 
cording to modern methods and the canals do not. There is^ in our judgment, no reason why 
the same business methods cannot be applied to the canals as to the railroads; and IE they 
are applied they will produce an equally satisfactory bill of lading, equal certainty in the 
time of delivery and equal responsibility on the part of the carrier. 



* It is stated by Mr* E, L* CortheU ( Minutes tmd Correspondence, page 89), that wheat hoM ]>eoD carried 
from Calif ornia to England far 3>10 null per ion mUe^ mnd t^oal on the re tarn trip for L-5 mill. 

t On the l&kea return eargoea of coal are eanriod from Lake line to Lake Suporior porti, alKfllt 1,000 miles» 
^ 25 oenta or ^ mill per ton mile. 
IS 
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In order to accomplish tliis, so mucli of chapter 934 of the laws of 1896 as HmitB the 
amoant of capital wLuh shall be employed in the business of canal transportation should be 
repealed. This law reads as follows : " No corporation orgimi^ed under this Acfc^and design- 
ed to navigate any of the canals of the State, shall have a capital stock exceeding §50,000/* 
It has been charged on the one hand that this law was passed at the instance of the railroads 
in order to destroy the usefulness of the canals; andj on the other handj it is asserted that it 
was passed for the benefit of the boatmen in order to prevent the formation of large corpo- 
ratioits, which, by greater economy^ conld first drive the small boatmen out of the business^ 
and then by some alliance or understanding with the railroads, increase the rates, Whatever 
the origin of the law may have been, it has proved in practice to be of no benefit to the boat- 
men. Their business has continued to diminish and to grow still less profitable year by year 
since this law was passed. They do not make living wages under exiating conditions, and 
they cannot. They are attempting to maintain an antiquated method of business in com- 
petition with the raodern methods which have brought about the extraordinary increase of 
wealth during the last 30 years* They cannot possibly succeed, and the the State is not justi* 
fied in expending any more public money uoless the conditions are so changed as to deriv6 
the full benefit from its investment. We therefore recommend in the most positive terms that 
the above quoted law of 1896 be repealed. 

Railway Competition of the Futoee* 

No one disputes these evident facts ; but the question which now confronts us m 
whether the railroads^ with their large capital and scientiGc management; their durable road- 
beds j powerful locomotives, larger carsj greater train loads, greater speed and more certainty 
of delivery, will be able now or in the early future to reduce the cost of transportation below 
what is possible on the canals« If they can do this, then it is obviously unwise and improper 
to expend any more public mooey upon a method oE transportation which, however important 
in the past, would no longer be able to compete with other and improved methods. The 
determination of this question seems lo us to lie at the very foundation of the, canal problem, 
and we have therefore given it the utmost attention. 

The claim for the railroads has been put forward at great length, and with ability, 
by the *' Engineering News," whose editorial articles on the subject are printed at length in the 
volume of '^ Minntei^ and Correspondence/' In brief, they are to the effect that while the 
average railroad charges in recent years on the railroads of New York State have been about 
6 mills per ton mile, yet a lower rate has prevailed ou grain, lumber and similar articles, 
which have hitherto formed the bulk of the goods transported over the canal. The grain rates 
fixed in April 1899, from Buffalo to New York were as follows per bushel : 

Wheat ... ,., .., ... 3\ cts. 

%e 3i ,, 

Com „. ,.. ... ... 2J „ 

Oats .„ ... „, .„ 24 „ 

The rate o£ 34 cts, per bushel on wheat is about 81*17 per ton, or 2i mills per ton 
mile. It is further argued in these article that the Chesapeake & Ohio E, R* is carrying 
coal at a profit on a rate of 2i mills per ton mile ', and that on the completion of locomotives 
now under construction by the New York Central and other railroads, designed to haul trains 
with from 8,000 to 2,400 tons of paying freight, the rate on such articles as grain, coal, ore, 
etc., by rail will be reduced to about 1 miU per ton mile. In other words, the argument in 
favour of the railways is that private enterprise and private capital will at an early date 
produce on the railroads as low a freight rate as can be produced on the canal by the expendi- 
ture of large sums of public money. 

If this argument were correct, it is needless to say that no further money should be 
sp0ni on the enlargement of the canals, but that they ihould remain in their present condition 
until plans conld be carefully matured for the disposal of them. In our judgment, the argn- 
ment is not correct. It would carry more weight if it were advanced or approved by practical 
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railway managers ; aijd we tlierefor© sent tlie articles to the presidents of the New York Central 
R. R,, of the Illinois Central R. R., and of ihe Pittsburg, Bessemer & Lake Erie R* li.^ the 
laat of which was specially built under the most favourable drcumstances for the exprt^Sb pnr- 
po6© of carrying ores and low-grade freight at a minimum cost from Connenut on the lakes to 
Pittsburg. The reply of Mr, Fish is fjxplicit that there is no probability of a rate of i uiill 
per ton mile by rail in the near fntuj e. The reply oE Mr* Callaway ^ while not so positiira, 
Itaves no doubt in the mind of the reader that the New York Central R* R. has no expectation 
of quoting any such rate» The reply of Mr. Reed states that during the past summer nearly 
a million tons of ore were hauled fi-oni Conneant to Pittsburg at an actuul cost for transporta- 
tion alone of Ij mills per ton mile r the freight rate being 3*65 mills per ton mile* It is 
evident, therefore, that the viewB expressed in the " Engineering News*' are not sustained 
by practical railway managers, responGible to their stockholders for the pruntable management 
of their roads. 

Tb£ Cakal as a Begulatob o? Bail Rates. 

The late Mr, Albert Pink, than whom there was no higher authority on the transpor- 
tation question, made a atfitement before the Windom Comnjittee eome 20 years ago that the 
Erie Canal regnlaled the rates not only on the railroads of New York State, but on every 
trunk line connecting the lakes with the Atlantic* This statement has never been successfully 
dispntredj and it will continue to be true if the canals continue to keep pace with the railroada 
in enlargement and in management. If the canals are left stagnantj both in size and manage- 
mentj as they have been for a whole generation ^ while the railroads are improving year by 
year, then the time will come, and at a very early day, when this statement will cease to be 
true. To leave the canals in their present condition is virtually to abandon them. ITie 
Constitution of New l^'ork distinctly forbids this. For more than 80 years public money haa 
been spent on the waterways connecting the Hudson with the lakes, and during 50 years 
these waterways were enlarged and improved to keep pace with the increase in the traffic and 
to decrease the rates^ The State has made this expenditure for the purpose of utilizing its 
natural advantages and keeping within its own limits the route which should produce the 
minimum freight rate. We believe that the policy which has prevailed in the past, and which 
haa been the chief factor in the commercial prosperity of this State, should be continued in the 
future* If these views are wrong, then it is in order to stop spending money on the caual and 
to propose an amendment to the Constitution which will permit of their abandonment and 
disposal by sale or otherwise. In our judgmenti such an amendment to the Constitution 
would not receive even a respectable minority of votes. — E?igineerin0 Newt : let Feb. 1900* 



Relative Cost of Rail and Water TsANSPOftTAxioK. 

4. Transportation by water is inherently cheaper than by rail, and the less restricted 
the waterway the less the cost of transportation. The second part of this statement goes 
without argument. The truth of the first is doubtfnL 

That the cost of water transportation over long distances on large natural bodies of 
water^ as the ocean and the great lakes, is cheaper than by rail, is probably true, though the 
margin of difference is much less than is generally supposed. But the cost of water transport- 
ation through a restricted artificial waterway is not inherently cheaper than by rail, and 
depends very much on the degree of restriction, the volume of traflSc, and the cost of coustrnct* 
ingf maintaining and operating the waterway. It is just as absurd to omit the elements, 
interest on first cost, depreciation, cost of ordinary maintenance, and operation of the perma- 
nent way, in estimating the cost of water transportation by artificial waterways as it is to omit 
these same elements from an estimate of the cost of rail transportation. For the State of New 
York to build and maintain a free waterway simply means that the State tor some conceived 
benefit, assumes a part of the legitimate or illegitimate freight rate from the producer to the 
consumer. It means this, provided the rate after the canal is built is less than the rate before. 
If this result is not obtained, then the State has simply sunk its wealth in a useless ditch- 
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In discnssing the cost of transport alio u the Coraniittee uses the i^ord cost in a very 
I00B6 way; one time ifc means charge or tariff, and another actual coat to the carrier. The 
two are very different and bear no relation the one to the other. The tariff ia not baaed on 
the cost of service, but on what the traffic will hear* The Committee states that on the ocean^ 
where the waterway is entirely anreistricted and maximum vessels may be usedj the rate aver- 
ages cue- half mill per ton mile; on the lake, 1^ mill per ton-mile, and it estimates that the 
enlarged Erie canal will develop a rate of J- mill per ton-mile. The average lake rate in 1898 
was J on the freight through St. Mary's Falls canal, 79 mill per ton-mile. The wheat rate 
east was |- mill per ton-railej and the iron ore rate was '} mill per ton mile. The return, or 
west-bound rate, fixed ao low to get the businesSj was but i to ^ miJl per ton-uiile* With an 
average rate of 0*79 mill per ton-mile on the lakes, or even -j^ mill, it ia very doubtful if a rate 
of I mill will ever be quoted ou the enlarged Erie canaL It is practically certain that the 
rate on wheat eaat-botind will nut be so low on the canal as on lake. Let the Committee's 
estimate of cont of transportation on the canal be examined. It is biiJ^ed on fnU cargoes east, 
and one-third cargoes west^ carried in fleets of four boats, a steamer and three barges of a 
combined capacity of 3,900 tons of wheat, making ten trips annually. Each fleet w^ill thus 
carry yearly 52^000 tons. The value of the fleet is placed at $28,500* 



Wages and subsistence ... 

Fuel, oil wastej etc* 
Ordinary repairs 
Insurance ou fleet 
Insurance on down cargo 
Miscellaneous small expenses 
Interest on investment, 5 per cent. 
Deterioration, etc., 5 per cent. 



§4,000 00 
3,30000 

300*00 

352-50 

2,92500 

20000 

1,425^00 
1,625-00 



§13'927'53 

Cost per ton, 26 cents. 

Cost per ton-mile, 0'52 of a mill* 

The statement is further made that improved methods may still further reduce 



the CO t 



It is useless to dispute the accuraey of the several items enumerated in the estimatej 
and they will be assumed correct. But where is the item of insurance on t.he return cargo ? 
and where is the item of administration ? This being an estimate of bare coat to the carrier, 
the item of profit is properly omitted; but this being so^ the cost obtained must not be com- 
pared with quoted freight tariff, and it is manifestly unfair to develop the economic value of 
the proposed canal by compariug it with the preseot Erie canal, as the Committee has done, 
simply because the Constitution of the State prohibits the abandonment of that canal. The 
Constitution is not greater than the people. Moreover, this bare estimate of coat is further in 
error because the divisor used to obtain the ton-mile rate is too high ; the total distance is not 
500 miles. It is doubtfnl if all tho freight will be through freight. The bulk of freight now 
carried is way, while the estimate is for fully loaded through trips east. There is nothing 
said of terminal charges, and the Committee is uncertain as to tho economy of transhipment at 
Buffalo. 

Ig it not singular that this estimate, the work of a theorist, unverified by any trans- 
poi-tation manager responsible to his stockholders, should be accepted by the Committee, while 
the estimates for the cost or rail transpoi'tation made by another theorist, of presumably equal 
Ability, should be condemned 7 The managers consulted by the Committee did not deny the 
statements of the condemned estimate. 

But these Errors of omission of small details are not the most important errors in 
computing the cost of transportation on the enlarged canal. The omission of the itema of 
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interest on first cost, mainteoancej and operation of the great waterway ar^ far more serious 
because sucli omissions are likely to mislead some people wlio look only at results and not at 
tbo methods of getting at those resulti^* These omitted itemy are practically constant regard- 
less of the traffic througli the canal* The maintenance and operation may vary a little with 
the trafficj bnt not much. Therefore^ the cost per ton-mile will depend on the toDS moved and 
.the distance these tons are carried. The Committee's estimate of the economic value of the 
f canal is based on an annual tonnage of 10^000^000 toag. The interest on the capital to be 
invested figured at 3 per cent, is §1,800^000; the cost of maintenance and operation will 
almost certainly be more than as much more. Other estimates add a sinking fund to provide 
for the nltiinate uselessness of the canaL The Committee adds the sinking fund to provide 
for the extinction of the debt in 18 years. Without any such additions, which without doubt 
the people must pay^ it is plainly unduly favorable to the canal to estimate a perpetual annual 
outlay by the State of from $3j50O,000 to $4,000^000. Assuming the Committee's estimate of 
10,000,000 ton.'i, which may not soon be realized, the annual charge to the State is from 35 
cents to 40 cents per ton or^ on the basis oE the Committee's estimate of distance, from 7/10 
of a mill to 8/10 of a miU per ton-mile. The total cost per ton-mile will thus be seen to be 
certainly as much as from one and one- fifth, to one and one-half rnOis per ton -mile* A parti* 
cnlar point to l>e noted is that the State must pay by far the larger part of it, probably as 
tnueh as 60 per cent, of the total legitimate cost- 
It is not sufficient justification for the omission from the estimates of this important 
element of cost to say that t]ie State Constitution provides that the canals shall be free* The 
Committee was asked to outline a policy. tJuless it believed that the Constitution is right it 
should not have accepted it. The inference is^ therefore^ that the Committee believes the 
canals should be free ; that the people should pay the greater part of the cost of transport- 
ation across the State in order to maintain the supremacy of the port of New York and develop 
maimfacturcs ; that the railroads shall pay a considerable portion of this charge for the 
privilege of having a portion of their business taken away from them. Ethically considered, 
this last-named policy is certainly open to criticism. Modern views of political economy regard 
Government as an ethical perBOn whose acts must be based on ethical principles. It may be 
argued, as has been done by Prof, Uauptj that the canals will benefit the railroad just as it 
will the State ; more business will be developed for the railroadp As has already been indica- 
ted, it is right to say that in the past, the canal has built up the business of the State, and has 
tlfus created business for the railroad. But this was done when the canal was tho only known 
practical means of transportation. It remains to be shown that with totally changed condi* 
tions, with more railroads than are needed, with the actual cost of rail transportation almost 
if not quite as low as canal transportation, the Bame benefit to the railroad will accrue from 
the building of a canal as was secured to it in the past by the same agency* The Manchester 
Ship C*anftl may be cited as a case in point to prove that the canal bent?fifcs the railroad. The 
two cases have very different conditions, 

It has even been asserted by some people that the New York Central Railroad will 
be benefited to an extent that would warrant it in paying itself the whole cost of the canaL 
This may be so, but it does not seem to be apparent that the practical managers of this 
company, responsible to its stockholder^ for the management of their property believe this to 
be true- They may be short-sighted. They use the best sight that has been given them and 
they are accrodited in other matters with considerable dlscturninent. To be sure, they may be 
lying back waiting for the Stato to undertake the work and thus save them the expense. If 
tho railroad is to bo damaged, can the State assume to destroy one industry of immense 
proportions to build another which is confessedly of less capacity, and which ia established at 
great cost to the State ? Again, suppose the cana] benefits the railroad and the State*, is it 
tho only, or the cheapest, solution of tho transportation problem ? Why subsidize a water 
transportation company yet to be formed, when a less subsidy, if a regulating law would be 
unjust, will secure from an existing railroad the resnlt sought ? 

Eailroad GazHte : 2 March, 1900. 
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APPENDIX E. 



On the Formation of Railway Rates. 

(Eng. News.) 

It sbould be clearly under stood at the outset — however, that to fix an absolutely 
equitable rate — one that shall be as fair to tho railway company as to the shipper — is a prac- 
tical impossibility; and it is equally impossible to define exactly what relation the rates on 
different classes of ttaflfic should bear to each other* All fixing of railway rates, whether 
doTio by a railway corporation or a goirernmental body, whether for roada owned by private 
corpomtions or those owned by a State, must be at best an approximation and a rough one at 
that. It lA no more possible to fix and assess ao absolutely equitable charge on every clasps of 
traffic thao it would be to fix the postage on eaclr letter sent in proportion to the actual cost 
of its carriage a ad delivery. 

What can be done, however, is to lay down the principles which should govern in 
the making of rates. Their actual determination must be a matter for good business judg- 
ment, guided by these principles. 

The first of these principles is that each clas^ of traflSc ought to pay a rate to ihc 
railway company at lea^t high enough to repay the operating expenses incurred in handling 
it. Upon the correctness of this principle thoro ia uniform agreement. The most case-hard* 
ened defender of the old theory' of free competition, and of rate-cutting as a means of getting 
the best of an adversary, will admit that when less money is received for a shipment than is 
actually spent by the railway company in handling it, the business had better be refused. As 
nearly as possible, then, each class of traffic ought to bear the cost incurred in handling it. 

Now taking the average of all railways iu the United States, about two-thirds of 
their gross earnings are used up in the payment of operating expenses, and the other third 
goes to pay taxes, interest on bonds and dividends on stock. If, then^ we can estimate for 
each class of traffic and apportion to it the operating expenses due to its carriage, we shall 
provide for two-thirds of the necesiisary railway revenue. It only remains then to consider 
kow the additional amount necessary to provide for the jjayment of taxes and of income to 
the owners of the railway bonds and stocks shall be apportioned among the different classes 
of traffic. At first thought it may seem most just to make this apportionment on the basis of 
the expense incurred and simply increase by one-third the rates found in the manner above 
stated. Closer study, however, shows thi,s to be really an arljitrary rather than an equitable 
basis of adjustment. The real principle which should govern is that each class of traffic, 
after paying for the expense incurred in handling if, ought to pay for the privilege of using 
the road in proportion to the benefits received. The value o£ the goods shipped is a better 
index of this beuedt than is the cost of their carriage; and it is, therefore, by no means in- 
equitable that the valuable high-class merchandise should bear a larger pi-oportion cf the 
''fixed charges burden " than the low gi^ade bulk freights. 

According to this, the time-honored principle of charging in proportion to what 
the traffic will bear is founded on an equitable basis, and its observance by the railway 
manugers is in the public interest n^ well as in tlic intere^^t of the railway corporations. 

To illustrate tliis by a concrete case : Let us suppose that a railway is to be built in 
a gold mining district to have for its solo traffic the carriage to a market of the product of 
two mines, one a mine producing a very rich ore carrying, say, ^lOO par ton, and tlie other 
a low grade ore carrying only §5 per ton. To simplify matters, let us suppose that th© 
railway is built by the owners of the two mines in partnership, and each furnishes his own 
rolling stock and hauls his own traffic. Each class of traffic, therefore, will pay all its direct 
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BXpeBses* Before bailding tbo lme» however, the two partners come together to agree on an 
equitable basis to proportion tbo iiiteresfc on the moDey borrowed to build the road* The 
partner with the low^ grade mine may ship ten times as many tons per annum aa the other^ 
but he cannot and ought not tj pay ten^eleventlis of the coat of the road. To do so, wo 
may sappose, would make his cost of tmnsportation so great as to prevent him from shipping 
his ore at alL Tlie ore of either mine, we may also suppose^ will be valueless without th© 
railway, and neither mine owner can afford to build it alone. It is, therefore, decided that 
the total value of the ore shipped aimually from each mine is a ju^^t criterion of the benefit 
which ths railway Ims bestowed upon each miuo owner, and in that proportion it is agreed to 
divide the cost of the Toad*s coDstruction* 

This is, indutid, an extreme case ; but it nevertheless fairly illusfcratcs the priuciplo 
which should control in fixing railway rates. It is not for the interest of shippers oE high-dass 
goods that rates on low grade freights should be so raised as to cause the loss of that traffic. 
The larger the tonnnge which a railway can-it^s, the more economically it can handle its busi- 
ness and the less the charge per ton which will have to bo made to cover the fixod charges of 
the company and provide for the dividends. 

It will be noted that in the abore diiaeusaion wo have considered only the question of 
relative rates and have assumed that tho net earnings of the companies are to be neither 
increased or decreased. That is a question by itself and one upon which we will not now 
enter* Neither have wc attempted to defend tho practice — happily now far less common than 
formerly— of rating freight at competitive point?* far lower than at n on- competitive, ri^gardles^^ 

of its class or the cost of its carringe, 

* 

As we tavQ seen above, the actual operating expense cost of moving freight should 
account for two* thirds of the rate charged upon it. It is chiefly because the cost of moving 
bulk f rei*'hts in large shipments over long hauls is generally overestimated, and the cost of 
handling the small merchandise traffic is generally underestimated that we hear so nuich com- 
plaint of exovbitant railway rates. 

We have laid much stress in this journal upon the revolution in rail transportation 
which has been brought about through the introduction of large locomotives and cars and 
heavy train loads. We have shown* how, under the most favourable conditions, it is possibl^j 
to move through bulk freight by rail in great quantities, over long hauls, at a cost as low as one 
mill per ton-mile. All these conditions must be present, however, to make any such rate even 
possible, and such a combination is extremely rare* Any departure from it in any particular 
means a large increase in the cost of transportation. 

The 'great fact which must be comprehended before a correct comprehension of this 
snbiect of relative rates is possible, is that iu American railway practice the influence of 
distance has been almost annihihited. Of the total expenditure in the freight department of 
the railways oE the coantry, taken ss a whole, a small proportion is the cost of moving tho 
long through trains over the road on the lines, of heavy traffic. The great bulk of the expenses 
are incurred in loading and making up these trains at one terminal and disposing of them at 
the other, in collecting from thousands of small stations the many small shipments which are 
finally united to form the great traflic streams which flow towards the great commercial centres^ 
and finally, distributing the opposite streams in a similar manner. If once this state of 
affairs is clearly understood, it is easy to see how railway companies can make good profits in 
the movement of through freight at rates which seem little less than suicidal, and to see, too, 
how such rates are no criterion whatever as to the cost of movement of freight of other 



The greatest item of expense on every railway is its pay roll* We may consider the 
railway company as a manufacturer, und its trains as so many machines for manufacturing 
transportation* Watch the movement of the long through trains on any road of heavy traffic 
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and see how tew men are required to maoufaetiire transporation at the rat© of 10,000 or 
20,0OOj or even 40,000 ton-miles per hour. Then watcb the process of makiog np these trains 
ill the terminal yards or at division points. Go out to the local stations and watch the crow 
of a way freight shiftiug the cars on the sidings, picking out otte here and dropping another 
there. Remember that on many roads of hea\y traffic half as many switching locomotives as 
freight locomotives are in service. Such studies help one to understand the conditions which 
we are attempting to make clear. 

In the concentration of attention on the through freight trsfficj it is apt to be forgot- 
ten that the bulk of the freight train mileage of the country ia made up of the movement of 
local or way freights* Even on the large roads this is trae. Pnlly-loaded trains on any of 
these roads carry from 500 to 2,000 tons of paying load; but the average freiglit train load on 
tiDj of these road:4 is a small percentage of this. Further, of the 190^000 miles of railway in 
the United States^ not more than one-third is comprised in the lines of heavy traffic; less 
than 12,000 miles ard double- tracked. Oii lOOjOOO miles or more of the country ^a roilways 
the only freight train is the way freight. 

Very few of these trains are fully loadedi nor can they be from the nature of the 
case, yet the trains mast run regularly to accommodate the public, week in and week out, the 
year round. The train crew for such lightly loaded, slow moving trains is nearly or quite as 
largo as on the long through freights. The locomotive expenses are only a little less. Prob- 
£-bly it would be well within bounds to say that the average cost to the railways of the 
countr: of collecting car-load freight and hauling it to division points where it can be made 
np into fi.U trr;in loads, aud of the same process of distribution at the other end of its journey^ 
amounts to 5 to 20 timei as much per ton*mile as the cost of hauling the same freight 
where it can be handled in full train loads, over long hauls on railways equipped and managed 
for the economical movement o£ such traffic. 

If this is true of freight shipped in car-load lots, it is even more true of the "less 
than car-load'^ shipmentSj which in the aggregnte constitute a larger proportion of the total 
freight buainecs. The average load of the cars engaged in moving this class of freight is and 
must necessarily be far below their capacity. Careless management in this department can 
bring ti^bont gross waste. A story was told in cne of the railway clubs a few years ago of a 
certain fi-Cight car which was liauled half-way across the continent, passing over several 
different railway lines, and when opened at its dej^tination its entire contents was found to be 
one GO-Ib. tub of butter. Many railways now huve systems of inspecting and reloading cars 
handling thk class or traffic; but this again coasts money, 

A large proportion of the freight department's clerical expenses are due to this class 
01 traffic. Kearly the same routine must be gone through for a shipment of a crat-e of glass- 
ware as for a car-load of lumber* The bulk of the station expenses chargeable to fi*eJght 
traffic, too, are incarred in handling the '' less than cAr-load " shipments. The large shippers 
do business direct with the heads of the traffic department or their immediate lieutenants. 

It is probably true that improvements and economies are possible in handling this 
claea cf traffic. Comparatively little attention has been paid to it in American railway 
development, and the progress in the direction of largo cars and large locomotives has 
tended to incroase, on the whole^ the expense of its handling. We may yet see ten-ton cars 
buiit for local service in some part of the country, when the old light-capacity cars still 
runniug have all gone to the scrap heap. 

The profits made by the express companies and by the Englisb railway companies, 
whose traffic is lo largely of this character, show that it is possible to make this class of traffic 
pay well : but it ia noticeable that in each of these cases the traffic is subjected to rates con- 
siderably higher than those charged by Amorican railwayi^^ which sustains our position thati 
this cla^s of traffic is necessarily c^T^pensivo to handle. 



77 

In conolasion, it may be asked what the railways can do convince the public that 
their adjustments of relative rates are not inequitable. Wo can think of no better plan than 
to undertake to compile and open to public inspection some statement of the relative operating 
expense cost of moving different classes of traffic. We do not mean by this any hard and 
fast system of record^ involving additional clerical labor and expense : but merely such an 
apportionment of expense as a competent accountant^ familiar with operating details should 
be able to compile from the record already kept by the company. Such a showing would be 
a valuable guide to the traffic department in the work of adjusting rates, and would do 
much to justify the railways' contention that its officers are more competent to equitably 
adjust rates than any State or National Commission unfamiliar with the details of railway 
operation can possibly be. 

ElngineeTing News, March 1, 1900. 



7% 



APPENDIX F. 



Example of the practical application of Commercial Tracing-* 

A uormal-gauge Subsidiary line is propoBed from the Main line station A (pop. 
26^000) to the smaller town F (pop. 8,000 j. Between A and F lie the towns H (pop* 6,0TO), 
C (pop. 3,000), D (pop* 1,500) and the han.let F {pop, 700). 

Their relative positions are exhibited in the accompanying Fig. 

The question for solution is: — Is aoch a line bnildworthj ? and if so, what is its best 
pOBition f 

For the ei=^tiinate oi the traffic the following figures are taken from Table 1 — p, 88^ — 

giving the data regarding Traffic for various German Main and Secondary lines according 

to the population, viz. 

p, = 10*7, p^ = 14-1, Pa = 10*9, p, = 7 0, 

*2i = 6-4 q^_ = 4*3 ^3 - 4*0 q^ =2-8 

where p^ and q-^ are the average number of passengers and of goods-tonnes per cap. for 

localities having 1,000 iiihabitante. 
}K^ and ^2 ditto 2,000 j, 
P% « 7s >» ^^*^00 „ 

p^ J, q^ „ above 5^000 ,, 



Also let 



d,= 



2J, t?2 = 115 



I from Table IH— p. 89. 



Cj = 2-65, cj = 3 63 
The line will probably be built by the Prussian State. 

Prom the Fig^ it is seen that it is simply a question of a main-line A C D F with 
junctions (nodes) for rail or road divcrsionSj branches, or connexion*^ with B and B^ However 
as regards B it is necessary first to determine whether the building of the sides of the 
triangle A B and SO might not bo commercially better; but in the case of E it is at once 
evident that there can be no question of anything but a road from the node. 

A line is possible from -4 vlk B and E to F with branch^lines or roads to G and D: 
however, the present^ Example will be limited to the first case. From theoretical considera- 
tions only this line would shape itself as shown in Fig. 16, p. 24^ that is, only the places 
A and J^ would lie immediately on the line, and all other places would be connected by branch- 
liBea or roads from nodes on theae lines. But a treatment of the FjJtample in this manner will 
not be attempted, as it would have but very rare practical application and therefore the 
usefulness of the present as an Example would be diminished. 

To determine the revenue to be expected from the projected railway let the most 
unfavourable case be supposed, viz., that the line vi4 B is the one chosen ; then we have from 
Formula 3, — p. 91 — a gross return from the passenger* and goods- traffic of 

700 



V ^ 19-7 X 2 85 X 24(1 + ^) + 6-4 x 3 63 x 115 (l + ^H 

-, f 14 4 X 2-85 X 24(1 -, ^) -. 4-3 x 3^68 x 115(l + ^)] ToTTVWTlFs 
-H [ 109 X 2^85 X 24(1 -H ^) + 4 X 3-63 X 115(l + ^^A^] 

L~ / 15\ / 2^716000-^8000 + ^ 
7 X 2-85 X 24(1 + ^) +28 x 3'63 x 115(l + -^)l — ___! 
V 41-8/ V ^ 418/ 10 + 8 + 10+ 18-8 



10 + 8 + 10+ 13-8 
1600 

3000 

10 + 8 + 10 + 18-8 
25000 



_1IalBliiM 



95000^^^ 




S. foc'Bcfp 



ja&oFtm fcfj*Jm^ -^J^j 




Boitot 






iafB«X^H74 
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and tliereforej from Eqn< 4, — p, 96^a gross revetiue per kmt of line of 

m = 11 X 17650 =; 19,400 M. 

The values of d^ and d^ in the expreBsion ( 1 + y ) ^^^ tli® means of the vaJnes of d^ 

and dji, respectively, in the 4 railways 81, 32, 33, 34, oi Table lUj [cola, 44, 45,] 

The pl&ce A may with certainty be credited in the Traffic estimate with only -rd of the number 

of its inhabitants as traffic producers ; the town J?— regard being had to its distance from the 

fatnre station — can be credited with at the most only - of its population. With these 

assumptions the results above obtained may claim to be not unduly favourable* 

In order to determine the commercially most favourable location it is necessary to 
know the kilometric traffic-eKpenses- These consist of the cost of constroction plus the cost 
of the working* 

The general preliminary technical studies may be assumed to have iadioated a 

kilometric construction -coat of 1,00,000 M. 

The kilometric mainteuance- and siipervision-expenses including renewal of the line 
may be put down at 2,500 M* The kilometric cost for both the paaaenger- and the fcoune-fcm. 
may be put at 1*8 pf . 

Let the construction kilometric-cost of tbe roads to be made from the nodes to B or 
to Ehe 15j0O0 M, ITie maintenance-expenses per km* may be put = 150 + *03 g, in which 
a is the number of tonnes carried on the mad. And assume *20 M, aa tiie rate of carriage on 
paved roads* 

From the several places in question, tlje following tratfio is to be expected 
25000 



Prom A : 



X 7 X 2 = 1 17,000 coming and going passengers 



X 28 X 2 = 46,000 



goods- tonnes 



of which ^ goes to E, ^ to C and F, and j^ to D and E. 

From B : 6000 % 7x2 = 84,000 coiniDg and goiug passengers 
6000 X 2^8 x 2 = 34,000 „ „ tonnes 

of which I goes to ^, - to C, and ^to B, E, F. 

Prom C ■ 3000 x 10-9 x 2 = 65,000 comiug and going passengers 
3000 X 4 X 2 = 24,000 „ „ tonnes 

of which ^ goes to A.^ioB, and j^to D^ E and Jl 

IVom D; 1500 X 14-4 >c 2 =43,000 coming and going passengers 
1500 X 4-3 X 2 =13,000 ,, ,, tonnes 

From E^ 700 x 19'7 x 2 = 28,000 coming and going passengers 
700 X 5-4 X 2 = 8000 ^ „ tonnes 

of which q- goes to A, and F^ ^ to D and ^ to jB and C* 

Ptom P = 8000 X 7 X 2 =ff 1 12,000 coming and going passengers 
8000 X 2-8 X 2 = 45,000 „ „ tonnes 

of which - goes to J , ^ to I?, and ^g- to B, and E, 

Oonseqnentlyj assuming two nadies Pf Pj ther© will be the following traffic on tho 
several rays. 
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On nj A t\ = 278,000 


piMengen 


1 + 106,700 tonnes 


= 385,000 


pa&eetigere 


and goods- 














toones 


ItPt = 174,000 


»t 


+ tiO.OOO 


ft 


= 243,000 
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OPt = 252,000 


jt 


+ »d,000 


tt 


= 347,000 


a 




OD = 194,000 


M 


+ 78,000 


tf 


= 267,000 


tt 




DP,= 190,000 


If 


+ 72,000 


11 


= 262,000 


it 




EP,= fi8,000 


II 


+ 22,000 


rr 


= 85,000 


ft 




F/>, = 164,000 


II 


+ 64,000 


ts 


^ 228,000 


>t 





for H rmlviHy 
for n tmd : 



for ft ffiilway 
for n roftd r 



Aniuming a rats of intereKt of 3}% for the constroction capital, the kilometic traffic- 
OH the diiTerent rhyn tim m foUowft — 

A I\ : JT, = 100000 X 035 + 2500 + 385000 % 018 = 12,930 M. 

B Pii K^ ^ 100000 X 035 + 2500 + 243000 x 018 == 10,370 M. 
Jf^» = 15000 X '035 + 160 + 60000 x 20 ^ U,475 M. 

a I\ : K^ = 100000 X 085 + 2500 + 347000 x 018 ^ 12,250 M. 

V D : K^ = 100000 x '085 + 2500 + 267000 x '018 = 10,800 M, 

D P, : JSr^j = 100000 X '085 + 2500 + 262000 x 018 = 10,720 M. 

A' f\ : Ka ^ 100000 x 035 + 2500 + 85000 x 018 = 7,530 M. 
iTfl* « 15000 X 085 + 150 + 22000 x '20 = 5,075 M, 



FP,: K, 



100000 X '085 + 2500 + 228000 x 018 ^ 10,110 M. 



Mow with tho aid of these figures, the geometric coDstruction of the nodes is carried 
out JIB ihowti iti the present Fig* The nodes are then determined both for branch* UneB and 
rondH to n und K. The lengths of tlie rays in km, arc indicated thereon in the Fig, 

To enable a ooncluHioti to be oome to aa to which is the preferable location, t,e*, whether 
branoh-linea, roads, or the sides of the triangle A B and B C,ot D E and E F, it is necesear^ 
to oollout the total trafBc-eEpouaei>| as above defined, for these separate cases. 

(1) B. 

(a) Oonstraction of tt a branch-line from the mode P^: — 

Twffic-expemes s 8 6 x 129^:iO + 25 x 10370 + 67 x 12250 = 21d|198 M* 
(6) A road from node P* :— 

T. R = D'5 x 12330 + 9 x 14475 + 7 5 x 12250 =: 227,738 M. 

(a) Th« tidos ^1 £ and I? C of the triangle : — 

T. R = 10 X 12930 + 8 X 12250 = 227,300 M, 

(2) E. 
(ft) BrH]ich*Utie from P| : — 

T. E. = 6-2 X 10720 + 3'2 x 7580 + 8 6 x 10100 = 177,420 M* 

(b) Road from P»»:— 

T, K. = 5^ X 10780 + 4*2 x 5075 4 8'6 x 10100 = 168,207 M. 

(c) BUhiollmiigle D If and B Fi— 

T,Jt s= 8 X 10720 + 10 X 101000 ^ 186 J60 K. 

From Ae abovt figun.«s it is evident thai for S the conslniclion of a bcmiidi4ine, and 
for M of a paTod road ia the beat policy fina&ciattjr. 

Wilh r^fard to £, HowBTer, il has to be borne in mind that the constmctioai of a 
ImMkJiae at P| and B wiQ rM|uire a slatioa at each ; whereas for the eonslmctioii oi Ute 
)iii# on the 3^m of ihe irian^e a at«ticm ia MO&^arj oaly al B^ and in tlia present iaflliaea il 
would hair to bo a larp^ o&e. If the ooostractbiHOoal ef tlM ctetioa m equal to the c^ilalised 
saTiaf in IraScniKpettMs tak^n al H%^ ^^ 
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then the location on the sides of the triangle is the financially preferable one, since the working- 
expenses on a short branch-line are always higher tlian on it^ main-line bmdosj the direct 
connexion of the place itsolf will always be worth trying for. 

To decide as to the buildworthiness of the line it ia necesaary to determine its 
working-eaepenses. This is done in the manner described io § 3, p. 92. In the present 

example — since the conditions are only imaginary ones — for the sake of simplicity let it be 
asanmed that the entire working-expenses amount — as deduced on p, 95 — to 1*812 M, per 
paying-km. 

The ntimber of paying-km. to be done ia determined from the traffic figures above 
obtained. The traffic on A B amonnts to 278,300 passengers and 106^700 tonnes* To 
determine tho nnmber of trains — since the whole length of a line such as the present will be 
travelled over equally in both directions — the nnmber is to be halved, thus giving 139,150 
passengers and 53^350 tonnes. 

There is therefore daily ^^^ - ^ 380 passengers and - ^r - = 150 tonnes of goods 
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3^5 



to be carried. 



To handle this traffic it wilt not be necessary to have mixed trains, but solely gooda 
and passenger trains. Five trains daily will be sufficient to deal with the passenger business^ 
each consisting of a brake-van and 5 passenger-cars. For the goods- traffic, two trains daily 
will suffice each made up of 15 wagons of 10 tonnes capacity each. 

Accordingly, on the main4ine A F the requisite number of paying-kms* will be ;— 

2 X 7 X 365 X 39*5 - 201,800 p, km, 

add : —empty-running, and shunting, at 4% = 8100 

giving a total of ... 209,900 paying-km. 



^ On the branch-Une B F, it is expected that there will be a movement of 174,000 

passengers and 69,000 tonnes goods. Xu determining the nnmber of trains the halves figures 
are t.o be taken. 

^. , . 87000 ^,, J 34000 ^^ , 

Thus per day we have ^^ = 240 passengers, and -ggg- = ^^ tonnes. 

Since every train coming from A and i** to B will eonneet at P^ and aesaming 
two crossings of trains at the station P^ there will be 12 trains running on the line B P^. A 
special goods train is not under these circnmstances necessary* The nnmber of paying-kms. 
to be done is therefore 

2 X 12 X 365 K 2*5 
add : empty-running and shunting at 4% 
add as above 



= 21,900 p, km. 
= 900 

= 201,800 



giving a total of 

The toal working-expenses thus amount to 

224,600 X 1-812 
Consequenlly, for 1 km. to 



224,600 paymg-tonne-kiM, 



= 407,000 M. 



407000 

-39^5+1:6= ^'^^^- 

Th© total revenue per km, of the projected line = 19,400 M. 

deduct as above = — 9,700 M. 

giving a total of 9,700 M. 

aa tiie weridsig gsiiii or reYenue ptr km, of thm projected litM. 
£1 



If the rate of interest on the capital sunk in construction and worlciBg is 5%^ then 
Lta amount should not exceed 

20 X 9700 = 194,000 M, 

The decision as to whether, and in what waj (whether as Maio, Snbsidiaryj or 
Tertiary line) the line should be built and provided with equipment is a matter that is 
decided when the technical treatment of the project is undertaken later on. 

Assuming the ratio existing on the Prussian State Hail ways for working-expenses to 
gross retnms to hold, then from Eqn, 5^ the whole invested capital of the line should not 

exceed, 

19700 X 4 X 20 = 158p00D M. 

In the above Example in determining the commercially beet location the kilometrtc 
coat of transportation for the passenger- and tonne*km. has been put at I'Spf- A more exact 
determination of it is only possible when the gradients and curvature of the line are known* 
The formulaa for the calculation are given in Launhardt's "Technische Trassinmg" p. 59* 
and in any concrete example they would of course have to be employed. These formulae shew 
that the rate of I'S pf. taken in the above Ejcample would only be reached on a line of severe 
curvature and grades. 
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APPENDIX G. 



Calcul du Trafic Probable 

D'unE LIGNE US CHKMIN8 EE FIE. 

Un deg premiers elemeots indkpDnsablea a connaitre et & etudierj pour constituer lo 
plan financier ot les etudes d*un cliemin de fer, est naturollement restimation dt &on prodoit 
probable et^ par suitei de sou reveim net, pouvant donner aux capltaux engages une route d© 
tant ou tant pour cent. 

On comprend aussi que c'est la partie la plus difficile, la plus delicatej et la plus al^a- 
toire de toutes, puisque lea renaeigneraents que Ton peut prendre dans le pays sent conatam- 
ment fauases ou exageres suivaut les iuterets que Von coDsulte, et que les seules bases a peu 
pr^s praises qui existent^ sent : les Compfcages de colliers faits par les Fonts et Cbausaees sur 
les routes existanteSj lea atatistiques plus ou moins completes de FAdmini^st ration des douanei| 
les dires plus ou moins variables des entrepreneurs de Messageries, diligdnce^, etc., enfin lea 
Uercfiriales des Halks et marchm que les maires des localitea peuvent avoir dans leurs archivea. 

Eo presence de ces numbreuses causes d'incertitude^ plusieurs inganieurs ont essaye 
de composer des metbodes qui permettent de contrdler tout au moins approximativement les 
r6saltats des enqu^tes verbales, et de calculer d^avance, avec des elements certains, comme les 
jpopalations et les dUlanc^s^ et lea moj ennes connues dea pays aualogueSt ce qui pent bienfitre 
le resnltat probable de la creation da chemin de fer, 

Parmi ces di verses mStbodes celle de M. Michel^ inglnieur des Fonts et Chanssles^ 
est uoe des plus simples, at des plus admissibles comme conformity aux resultats de la statis- 
tique a poderiorif recueillie sur difftJrentes lignes. 

En voici les principales bases d'd.pplication : 



§ L^METHODE DE M. JULES MICHEL, 

Nons consignons ici le passage d^nne brochure de M. J, Michel, sur les cbemins de 
fer d'inter^t local, qui donnera one idee complete du mode d' appreciation du trafic ; 

" Dana toute region agricole, la popnlation est en rapport avec les necessit^s de la 
culture, et catte culture donne des produits a exporter ; le chiffre moyen des exportations 
annaeUes est ainsi dans un certain rapport avec le nombre des habitants. La proportion est 
d'ailleurs variable avec la nature dea produits. Si Fon oonsid^re une region de vignobles, par 
exemple les departements dea Pyrenee3-0rie.i tales, de FAude, dePHeraultj du Gard, on n'anra 
pas, entre le tonnage d'exportation et le nombre d'habitants, la m^me proportion que dans 
une region exclusivement cultivee en cerealea et en f ourrages, comme la Beauce et la Brie oti 
le Uaut-Languedoc ; mais dana des regions analogues comme culture, le chiffre moyen du 
mouvement d'exportation trouvfi pour Tune pourra s'appliquer k Fautre sana grande erreur, 
Ainsi la Brie, region de cereales et de fonrrages, donna en tnoyenne, a chaque station de la 
ligne de Faris a Lyou, deux tonnes de marchandises k transporter par habitant et par an, et 
on trouve la meme proportion dans les stations du chemin de fer de TOueat, entre YersaaUes 
et Rennes, et dans calles du Midi, entre Agen et Carcassonne, 

^' Les stations du Bas-Languedoc presentent uu chiffre da trois tonnes a trois tonnes 
et damie par habitant, et on trouve aensiblement la mSme proportion dans la Baase-Bourgogae 
«t sur les cdtea du Khdne* 
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" Le nombre des voyageurs n^est pas variable avec la nature de la culture ; on 
pourra dire d'avance, que, mnl de leg^res variatlcais dues aux liabit tides locales ou au voiai* 
nage des grand es villes, lo chiffre des voyageurs n© doit pas difTerer d'un bout & Tautre de la 
France, Les Btatistiques donnent en effet une moyenne de six Toyagenrs par habttantj en 
laissant de coti lea stations des banlieues de Paris, LyoUj etc, 

'^ Tels SDTit los resultats acquis snr des cbemins de lev e^tploites depnis plus de dix 
ans, ou le trafic s' est developpe sous la puissante impulsion imprimee a I'activite commercial© 
par ces voies de commuuication perfectionnees, 

" II est facile maintenant de calculer la recette par kilometre des petites lignes locales. 
On salt cju'nne tonne de marchandises^ transportee par chemin de fer, paye 6 cent. 1 i par 
kOometre parcouru, et qu^un voyageurpaye d centimes. S'il y a, par exemple, huit fois autant 
dc voyageurs que d' habitants dan^ les stations a etablirj et trois fois autant de tonnes de mar- 
cBandises, il suftit dtj relever le nombre des habitants des centres de populations groupies a 
des distances de 6 a 8 kiionifetrea les unesdes autrea (o'est Fintervalle qui eepare en general 
les stations), et de compter fr. 70 de recette par habitant pour avoir le produit kilomStrique 
de la ligne projetea " 

L^exemple que nous avons pris admet 6000 habitants dans la region traversee^ la 
recette kilometriqne serait alors de 600 f> x 0,70 == 4200 fr., dont 6000 x 0,48 ^ 2880 fr. 
pour les voyagenrs et 1320 fr, pour les marchandises* A ce chifFre on aj< utera ceox qui resul- 
ternot des observations founiies par les maires sur les industries sp^ciales de nature ii donner 
un trafic particulien On connaltra ainsi la recette kilometrique probable. On poarrala coo- 
tr61er par les uombres determines d*apr&s les tableaux dresses par les maires. 

M, Michel ne s'est pas contente de ce precede empiriquOj lequel, on le con9oit sans 
peinej ponrrait, dans certains cas, cooduire a de graves erreurs. 

Frappe des inconvenients que present en t toujoars^ pour certains esprits^ les in* 
certitudes qui naissent h la suite des etudes commercialese il s*est eJforce de traduire ces 
eventnalites par une formule matliematique, 

FOHULUfi DX U. 1IIC»£L. 

M. MiCHSL admet en principe que : , 

Le rapport entre les voyageurs expedies et le nombre des habitants d'uno station 
oscllle entre 4 et 9, stiivant la richesse de la contree traversee ; que la moyenue generale est 
ti, 60, et que, pour les marchandises^ la moyenne generale est de 2 tonnes 1/10 par habitant, 
pour toute la France, ■ 

II en once ensnite la formule du trafic : 

he trafic est la somme des products dei= earpeditions et des arrtvageB par le parctmre 
moyen de cbaqiie voyagenr et de cbnque tonne de inarch andises, et i) traduit ce principe par 
Uk f onnnle : 



dan« laquelle : 



I 



T represente le trafic i 
Vj le nombre de vojrageuf a ; 

I, la demi-sdmtne does tonneti cxptidiees et revues p^r cha4|Ue sta^on ; 
dt| la distance de oette station a Uorigine de rembrachetnent j 
I^ la longueur totale de rambrachement ; 

"Z la somme des produit s du trafic par les distances. On mtdiiplie cette iomme par 
2 pour tenir compte des aller et retoun 

On dott faire obseirTef qne oette f ormale sappoie qae le mouvetaeal ^mml du limfHc 
ira des atations intermediaires 4 la gare d'embrancbement sur la graade Ugne^ et de mfitae mm 



retour, le mouvement dea etations entre elles pouvant fitre considere comme peo important ; 
cette supposition eat vraie pour un cliemin de fer d*iiiter6t local. 



{b) 



,p _ 2 (m + ?^) £ p d 



ou m et n representent les coeflScients des voyageiira et des toimea de marchaudises. 

Si Ton suppose la population condensee au centre de gmvite de la ligne, dont la dis- 
taiice a Forigine est egale a '^^ ^ si Ton appoUe ^ cetto fraction de la longnenr totale ou 

anra • 2 p d = 5 I 2 Pj et par suite T express! on h tlevient ; 

(c) T = 2g {m + n) % p. 

Or, daua cette formiilej on connaitm 5 p^ c'est-a-dire lo nombro d'liabitaDls a affecter aux 
diversea stations ; on comiaitra w (voyagenrs), dont la valeur est cornpristj entre 4 et 9 suivant 
la ricliesee de la contree, et n, qui a une valeur egale a 2 I/IO ; on calculera g et on obtieudra 
la Taleur probable dii trafic T, 

Cette valeur ne saui^ait fitre aeceptoo qu^avec de grandes i^eserveSj car les coeflicieuts 
m et n pen vent varier d'on pays a Taut re dans une proportion considerablo. 

M» Micliol a traduit egalement eu forronle la reeette brute probable par kilometre. 

Conservant lea valeura m, n et g, on a pour expression geuemle de la recette brute : 
K= jSp (2 m X 0,05 + 2 ?i X 0,061). 

Dans cette forraule, 0,05j et 0,0G1 sont les uiojennea des prix de tratisport par kilo- 
"infetre, non t*ompris rimpflt du dixieme. 

2 

Si Pon fait m = 6,50^ n = 2J() et ^ = ^, on aura K = 0,60 S p. C'cst-A-dire que^ eu 

u 

moyenne^ le produit brut par kilometre, d'lin ebetnin do fer d^interfit local qui aurait le centre 
de gi-avite de son trafic aux 2/3 de sa longueur, serait de fr. 60 par habitant des stations a 
desservir. 



Sij dans les pays riches et industriek, ou fait m = 7,50, ?i — 2,10 et ^ ^ 



on aura 



K = 0,66 2 p* Si, dans un pays exclusiveuient vignoble^ on fait m = GjoO^ » = 3, on aura 

2 
pour 9 = ^j K = 0,66 S p- 

Malheureusonient ce genre de reebercbes so prMe difficilemeiit a la rigueur des 
formules scientiiiqucg- Nous indiquons le precede de M. Michel^ parce qu'il so rapproclic du 
syateme que notiFs avous indique plus haut ut qu'il peut servir a le coiitroler utileinent dans 
certains cas« 

Opperman : '^ Traitf* complet des chemins defer vemromiqnesJ' 1873* 



^'Naturally from sr.cli calculations based on averages derived from the results uf 
"working of a great network or system of lines only comparatively exact results can bo 
*' expected, even when the new line is designed to become a completely uuiforra member of 
'Hhe systom, and to bring an increase of traffic to the older line< Under exceptional 
"and abnormal conditionB, as on mountain lines, particularly when there is no througli 
'^ continental trafiSc^ the formula! are invalid/* F, Kreitter : '^ Liniettfiihnmg der Emu- 
''haknmi'' 1900. p, 14. 
22 
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APPENDIX H. 



[It is probably no exa'jfjeratiou fo say thai in ordinary railway projecl$ the precise esiiviuUng 
ofproipecUve Railway Traffic, Revenue and of Worhmg-Exprnises is as yet quite tHidiimn- 
tart/i a7id the resnlts arrived id depend larg&Iy on chajicf'. and the '^aigacUy*^ of the 
estimator. As ihe contents of thin Work will (iauhtless have shoun, it is qntia oikerwi€e on 
the Continent. Since foreign ji'^^^clice must necessarily he unknown to the ordinary Etiglisk 
railwaij engineer what follows is offered as an iUustratiou of procedure and as a model of 
method in ihesv problems. 

It is extracted from VoL 1, Part I of a ^noaiimental work on Eailtt-ay Engineering, in 5 vols, each 
of several par Is f intsnatned a '^ Handhiich.*^ It isediied by Meyer and von Wilhnannj and 
published in 1898.-Tb,] 

Tte inveatigatiuu of tlie '* buildvTortliiiieas " of a Projected Railway involves tliQ 

(1) Determination of the probable tmfBc, 

(2) Calculatiott of the return from the above traffic* 

(3) Estimate of the workiDg-ezpenses, 

(4) Calculation of the necessary capital for coustraction and for working. 



General Principles. 
1. Determination of the prospective Traffic. 



Local Traffic : — 



In calculating the prospective local and direct traffic fmm the local conditions th& 
conntry-road traffic is of ten taken as the standard, u^idified by the fact demonstrated by 
experience that the buildiug of almost every railway has been succeeded by an increase in the 
local traffic of the district served. 

The requisite data for this estimate are obtained from Chambers of Commerce, by 

enquiries and investigations amongst Aduiinistrations, executive officials, owners of large 
industrial or other establishmeuLs, {ind from the statements of experienced and sagacious 
inhabitants knowing their district. 

Now while the collecting the requisite information and data from such statistical 
sources is a tiresome and laborious busbiess, still not only the information derived from 

private individuals but also that supplied by tlic local authorities must bo made use of with 
the greatest cautiou ; since it often happens that the iu format ion thus obtained is influenced 
and vitiated by personal^ commercial or other considerations. This method of determining 
the prospective traffic is thus not only laborious but is very often quite u n trustworthy j and, 
further^ the increaj^e of traffic assumed in the calculation, if the line be poorly locat*^d, may 
under circumstances, entirely vanish^ and the totul traffic on the lino may not evou amount 
to the existing road traffic** 

Michel— basing his invest igatious on the Results of the Working of French Eailwaya 
— found that in 1S66 for every head of the traffic^producing population there were 6*3 
passengers and 2-1 tonnes of goods moved* These tigures fall in purely agricultural districts to 
A passengers and 1-4 tonue goods, and they rise in industrial ones to 9 passengers and ;i tonnes* 



t See pp, 10§| 1Q9 for an ex&mpk pf kow itatiatio^ datA maj bo mdviuita^eooil/ anrn^gcd for uae^ 
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In 1894^ Michel showed by examples''^ that his method as applied to branch-lines 
gave correct results. 

Of course in employing these figures (only valid for average conditions) to any 
particalar case, any special conditions of the individual localities which may influence the 
traffic must be duly taken into consideration. Further, there may possibly be certain junction- 
stations in which only a part of the population — to be estimated according to the special local 
conditions — is to be used in the traffic estimate. 

In the following Tables such data for a number of Prussian Railways are given 
based on the Report for the Traffic Year 1893-4 issued by the Imperial Railway Bureau. 
With the object of making the data as useful as possible to the locating engineer, the lines are 
chosen systematically from amongst the most various parts of Prussia having the most diverse 
economical conditions. 

As was done by Michel so here also those stations in which the traffic conditions are 
quite abnormal have been excluded : however, it has been considered expedient to include the 
smaller station localities having less than 1,000 inhabitants — omitted by Michel in his French 
investigation —and' to classify the stations according to the number of their inhabitants. In 
this way we are able to emphasise the influence which the neighbouring places and their 
hinterlands exercise on the small station-sites, and can thus in our estimate more exactly bring 
in the neighbouring places and the hinterlands than would be possible from the use of the 
general average. 

Finally, it is to be noted that in the case of branch line or junction-stations only a 
fraction — estimated accordingly to the local conditions — of their population and goods-traffic 
are to be made use of in estimates of traffic. 

In the Tables I and II only Main and Secondary lines are distinguished, on the per- 
missible assumption that what holds for the traffic of Secondary lines holds in general for Local 
and minor railways : besides which, in many instances, as already mentioned, it is not always 
possible to draw the line between Secondary, Local, and Minor railways. 



• Berne G^nfrale des ohemini de fer. 1994. 
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A§ 19 fieetx from Table II the Main Hues' averages differ ooljr sltgbtlj from those of 
the individual lines as regards passenger-traffic, but the difFereaces in goods-traffic are very 
coneiderable both in excess and defect. The same remark applies also to the Secondary lines. 
It is in the nature of things, (and is seen in col. 0, Table II,) tliat the lines with high aver- 
ages for goods^traffic are those lying in districts of highly developed indnstry or agricultnret 
and that the low goods averages are fonnd in the poorer districts. At the first glance it appears 
aurprifling that the averages for passenger-feraffic should differ so slightly whether the districts 
traversed by the Ud© be poor or rich, But it must be borne in miud that a district with a 
highly developed industry or agricnltare is usually thickly popnlatedj and that a great per- 
centage of this population consists of workpeople who travel bnt little; whereas this is les& 
the ease in poorer trailic-producing and less thickly inhabited districts; so that the phenom- 
enon is quite intelligible. Further, it appears that in a generally weli-to-do district the 
passenger-trallie figure is above the average* 

As already stated^ the places with abnormal traffic conditions have been omitted.. 
When it is necessary to apply the given averages in the location of new lines, such places — 
B,g. small localities with large manufacturing industries — must be omitted and separately 
treated. 

2* Through Tragic^ — lu the present investigation local and not through traflSc 
is considered. Through traffic depends on a great nnmber of very various conditions aud^ 
consequently, no general rules for it can he given ; special investigation is required in each 
individual caae« When a line is to be built to shorten an existiug line then the requisite 
traffic data can be obtained from the latter. If^ on the other hand, the new lino is to create 
traffic the data must be obtained from a comparison with other similar lines. In any case 
attention must be paid to the fact that the new and shorter line may often cause through traffic 
to disappear^ and therefore in most cases it is preferable — if the through traffic is not wholly 
the main object of the new line — to disregard it entirely, or at least to fix it at a very low figure. 

If the new line is a part of an adjoining system then the through traffic almost 
always brings about a decrease in revenno, since the rates of the older and longer lice are 
fixed at those of the shorter. However, the traffic also of the older line is at the same time 

L increased by the construction of the new one, and thus ultimately the existing traffic will 
usually be ultimately increaaed. 
In any case, through traffic is an important factor only for the larger Main lines; 
and the Secondary lines are very few in number at least in Germany on which it is at all & 
future consideration. 
§ 2. CalculatioiL of the probable EetnmB. 
P From the foregoing we see that for a projected railway the revenue may be deter- 

mined in advance, taking into account the particular conditions of the district, from the 
number of inhabitants of the station sites by the aid of the figures given in Tables I and II. 

If p is the annual average number of the outgoing individuals assumed to be traffic 
producing per head of the total population, g the half of the average annual quantity of goods 
in tonnes, coming and going, Ci the traffic-earnings per- passenger km*, c^ the receipts per 
goods tonne-km., then per head of population and per km. travelled by the traffic there is a 
return from working of 

w = 2pcj + 2gc^ ,., ... ,., (1) 

Further, if dj is the average length in km. of the passenger journey, d^ the length 
of average haul of a goods-tonne, E the total population producing the traffic, L the length 
of the line in km,, then the annual receipts per km* from working are 

(7 = 2(pc| dj + je^ d,) 2 .., ,., (2) 

The coefficient 2 in the above equation only holds for small lines in which the 
traffic ia always carried over the whole length. When this is not the case, vn&., when an out- 
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going passenger or goafls-tontie for another etaiioa of the same line is an incoming passenger 
or goods toniiG, the formula gives too large results ; conseqnentlj, it will be more correct to 
replace the coefficient 2 by the following expression, viKj 

d 



f'H-ij 



where d is the minaber of km. travelled by a passenger or goods-tonne, and L the length of 
the line. 

The yalue of the above coefficient varies between 1 and 2 ; it obviou&ly inoreaseB in 
proportion ae the length of the line decreases, and as the average hanl of passengers and goods 
increases ; and decreases as the length of the line increaaea^ and as the a%*erage length of haul 
of passengers and goods decreases. 

In employing this coefficient for goods d is to be replaced by d^ for passengers^ and 

by d^ ; and then the formula becomes 

Of the factors in the above p and g are to be obtained from Table I or II according as the 
values are dednced from the size of the station-site, or the average values are adopted v 
and the factors C|, Cj, d^ and d^ are obtained from the Statistical Returns of the German 
Railways. Their values are given for individual railways for the Traffic Year 1892<-94 in 
Table III in cols, 44, 45, 46 and 47. 

If the projected railway is a part of a uniform network or system of lines under one 
administration^ the values of the coefficients d^ and d^ to be inserted in the expression 

\ +^) ^''^ t^o^^ g^^®^ >^ Table III— p, 93 — for those lines whose lengths most cloaely 
approach to that of the projected line* 

Otherwise, the values to be given for d^ and d^ are those corresponding to the total 
length of the system * 

If %e employ the above formula to calculate the revenue of the Prassian State 
Railways, assuming that some 20 million Prussian inhabitants dwell in the station sites^ — which 
is very probably not remote from the reality — then for the figures given in Tables I and IH 
for the Traffic Year 1 893-9 i there is a revenue of 

?;= [l3- 47 X 2-84 X 24 (l + ^) + &-5 x 3'63 x 115 (l + .-i^^)] 20,000,000 

= about 650 million Marks. Now the actual revenue was 900 millions: the result is thus 
28% too small. 

If J however, allowance be made for the fact that the formula takes no account of the 
through traffic, and that in deducing the values of j3 and j localities with abnormal traffic- 
conditions are excluded, it is evident that the formula when applied to the whole of the Prus- 
sian State Railways must naturally give too small results; nevertheless the formula itself may 
be considered satisfactory* And when applying this formula to a projected railway these 
facts must be kept in view.** 

Table III gives a concise review of the results of working of individual lines.*** 
In this the important and characteristic feature is the operating gain per km, of the mean 
working length shewn in col. 43* It is seen that the Prussian State Bailwaya earning 
14,723 M. per km., excludiog the lesser lines^ are only surpassed by the Imperial Railways, 
Of course this does not mean that they give an equally good return on their capital, for the 
degree of return depends not only on the amount of the gain from working, but also on the 
atnouut of the capital » 

This last in the working year 1893-4 for the Prussian State Rail ways, amounted to 6,749 
million M., and the operating gain 381 million M„ thus giving a return upon capital of 5*7%* 

{*Se« numerical Example of Commercial Tracing, p. 78.) 

[*• See foUowmg Eiample, p. 100 J 

[•••A few liaoH only kave b^«ti girea— M aa example — ^Ta.] 
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Since the development of railways in Germany can be best studied in the history of 
the Prasflian State Railvrays, the following grapbic representation is given showing how the 
gross retnrnB and expenses per km* have varied yearly from 1854 to 18^5. (omitted — TBp) 

The diagram also shows that the reveDiie in general has increased, although from 
time to time a slight decrease occurred : the former has varied from 13,000 M. in 1854 to 
S6j600 M in 1894, or an increase of about 280^. This fact has of course to be duly taken 
into conai deration when t*niplojing the above method to determine the revenue to be expected 
from a projected railway. 

The accompanying diagram (omitted, Tb.) shows what proportion the returns from the 
passenger- and goods- traffic are of the total grofis-takiiigs of the Prussian H tate Railways 
during the period 18544*5, 

It iii thus seen that dm ing a long period the variations are extraordinarily small, so 
that we may assume the ratio as prnctically constant — about 1 ; 2"6, 

Also the ratio of the other sources of revenue (passengers' luggage, rents from 
restaurants, leasing slopes of bankj etc) to the gross revenue varies only slightly* 

§ 3- Determination of the WorMng-Expenses- 

The total working-expenses may be subdivided into those of 
L (ieneral Administration, 

2, Way and Works. 

3, Motive-power^ or Traction. 

The expenses of these departments are subdivisible into those of StaS and Materials. 

(fj) Staff. 
Under this head comes 

(a) The wages and salaries of the State*appointed oflicials Inclusive of their fixed 

share of the profits (Tantiemen). 

(b) The dietary allowances, day wagea^ and wages of subordinate staff. 

(c) House allowances J local allowauces^ scarcity allowance. 

(d) Other personal expenses. 

To determine the amount of the above for a new line it is necessary to fix 
the Dumber of the officials and subordinate staff required, and to consider each one with 
reference t-o his annual amount of allowances- The permanent- way gangs are not to be 
included — ^their pay is properly included in the outlay under materials for maintenance of way. 

When the Hue under consideration is not an important one the calculation of the 
total number of officials and stibordioate staff required is easily and rapidly done in the manner 
shown hereafter in the calculation of Revenue* 

Aecurding to the Btatifltica of tho Gormnn Bail ways for \BB3jB^ the expatiaeA under Btaff on 55 prirate 
E&ilwajfl mider ihi^lx own man&gteineiit wiia as foUows , — 

GiprBfiAL Adminibtbation 
^16000 

21516000 ^" ' ' 

Wit anb Womb, 

2661000 



1 pu^un^^kra** 



150 M. 



1 pajiug km. 



1 paying'kmi = 



21560U0 



TSAKBPOKT DKP1B.T1ICN7. 



laeasooo 

2156000 



TolaU, 



Ida H. 



ess H. 



930 H. 



• The [}ii>'iiig Of eamiag-km, compriaeft the work dtm^ by tb© looofnotiTo in oxpreaa, pBSBeDger, or 
mixed traioB^ in coiiBtrucUon and matcirnal trainj, ti» ulso in eitftt engine service on grades where twc» 
engine! are employ^l eithar hatUiiig or pnihiDg* 
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Since the riuUvHys in question are quite small and unimportant onos aDd the number 
of officials is usually limited to the barest necessity, the above figures may very well serve as 
a basis for the determination of workiug-expenaea. 

The above values are those for a Secondary normal-gauge line of a higher class ; 
and conseqnently for smaller lines, especially for narrow-gauge lines, they must be reduced 
cor r esp on din gly , 

(b) Matebial Expenbrb. 

The determination of average figures for these expenses which shall be generally 
applicable is much more difficult, because they involve many factors which are very different 
in each ease according to the method of working and the constrnetional characteristics of 
individual lines. 

In what follows the Statistics of the German Railways for 1893/94 are made use of 
being applicable to most of the normal-gauge lines yet to be built in Germany. In the case 
of narrow-gauge railways, a suitable reduction of the figures must be made according to the 
individual cii*c urns tan ces in each case. 

The figures extracted from the statistics relate exclusively to the 55 private railways 
under their own Administrations. Figures derived from the whole of the German railways 
would give too large mean values. 

QEHEfi kL A nmm stb atioh. 

The 56 self- managed railwaja eip^nded in the ^ear 13B3/94 in General Adminiatrulion a grofis unm 
of 569 million Marks. Of tbia 341 tniUions went in staff Gxpentes and 22B tnilliona in material or non- 
BtB^ eitpcnscB, Aocotdingly, the staff expenses appro Kimatelj a mo anted to 60'°/o and the other eipenseH 
to 4Xf!g, or, in other words, the ratio between tbem was as 3 to 2. Now since the staff- expenses are 
known, the non-staff expenses are at once aseertainable. Emploj'ing the already determined yalne of the 
staff expenses, vis.*l^9 M. per paylng-km.j the valae of the non-staff expeneea for the same tmit would, 
amonnt to *106 M. 
I Wat kHD Woatfi. 

1. The matntenance-expenses of the line outside stations inolaaive of the through line in station* 
(but excluding tbo coat of renewals of rails, switehes^ and sleepers) amounted to 2^105 milllen Marks* 
Ot this amount 1,171 million Harka went for the maintenance of the track, Now since port of the Una 
is double -track, there being 4,513 km. of through tmek on 3,660 km. of Hue, the eipenies per km, for 
single -tr^k amount to 

2105000-1171000 1171000 ,,, „ 
■ + — 7ST?"=^ 515 M, 




8660 



i615 



The maiotemince-expensea maj ujccordinglf be put at 500 M. per km. of normal-gauge Bingle-tr»ok, 
for narpow^gange lines this figure maj be reduced to 400, 300 and 200 M. according as the gauge is Im, 
*75iiif or •©Opi, 

2, The main tenance-e;cpe uses of inside stationa amonntod to 1,161 million Marks; consequently 
per km, of line worked they amounted to 

1161000 



3660 



320 M. 



Accordingly, for a, normal- gnage Secondary line an average of 300 M. will be amply aufficiont, 
For narrow'-gnage lines this amonnt may be reduced, snj, to 250, 200^ and 150 M. 
3, Maintenance-expenBBB of telegraph, signals and aocesaories amounted to 153 million Marks, or 
per km. of line worked, lo 

153000 



3660 



'42M. 



tJsnaUy the Hignal and t oleograph installations on new lines are comparatirely aimple^ and the- 
expense per Ion » may be put at 40 M. for a not mal -gauge line, and for narrow >gauge lines at 35, 30, 
25 M,, respectively, 

4. The truck renewal expenses (rails, switches, sleepei?) amounted to S,S93 miBiou Marks ^ conse^ 
qneutiy per pajing-km. of truok they came to 

2893000 



5331 



- 500 H. 



Thii fl^ure may be retained for normal -gauge lines ; and for narrow gauges it may be reduced to 
400, 300 and 250 M., rt^pcctively. 
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Tho detenu inat ion of the oxpeDse of izwck renewal! cac be mUo mudt on tlie biwia of tlie work it liaa 
€(me. TbiB is given hj the nuiuber of pnjing-km. that are made there ou. In the traffic year under uotiee 
ihui jiraoaated to 21^516 million. OonBequentlf tho cost of reuewuls per km. of the tr&ck was 

2893000 

aiMBoob' "^•'- 

Since thiB method ii baied on the work dona U m undoiibt«dlT preferable to ibe precediog. 

5. The general expetiees of W»j nud Works amounted to 21T milHoti Marks, the ezpenaea andar 
beada 1^^ to 6, 312 miilonB. Accordingl^rj tbe geneml expensefi are to bo taken as 3^ per cent, of tbe 
eipeoaeB under 1^4. 

TRANSPOBTATIOPr. 

Aeoording to the atatktiGal BetnrDB for the traffic yeva: 1893/1894 the eipensei were ; 

L Tfitin-eipenBOB : — Engine fuel, deanlng and lubrication of tocomotivea and Tebicles, 
diiinfectanta for Yehiclea, fuel for heAtmg tmina and w&ter cr^neSj shunting with boraea, 
&o., per enrniDg-km ^., ,,^ ... ... ,,* ... ... ... ... >2£8 M* 

2. Maintenant-'O of rolling-atoek :— LocometiveB, pBiienger-vehicleai Inggoge and goods- 
waggons, nleo tarpunlinfl, hand-lant^ms, whUtleB, guards' aatobels, Ac, pet km, .., ,,. '159 „ 

3. K<jnewal of roUing-gtock ^—LocomotiTos, cars^ waggoDB^ lnggf|ge*Tan8, &c. *,* ,,.'083 ^^ 

Total .., "470 M. 



The above uon-staff expenses are of course onlj mean values and are only valid for 
a normal-gauge single-track with average grades and carves* For other lines they are to be 
increased or decreased according as the grades and curves lines are more severe or leas* 

Collecting the above items of the cost of a paying-km. we obtain the following 
results for the working-expenses— 



Staff EzFXNacs. 



Qenerai Administratien 
Way and Work* ♦,< 

^mn^portation .., 



NOK -STAFF EXPKNilA. 



General AdTniniatration .*• «,. .«. *.* 

Way and Work** 

1* Maintenance, ontaide etationa : 

2. „ iniide atationa : 

3. „ Tolegrapba, signals, Ac, 

4. Eencwel of track (raila^ awUebea, sle^pen) : 

5. General expenaea : 

TaANSFOltATlOM, 

1* Train-eiponsea ... .«* ..« -i* i,t 

2. Maintenance of roUiog-atock 

8* Benewal of rolling- atock ,.• .„ *.« 



2106000 

' 21510000 ' 

1161000 
' 21510000 ' 

1S3000 
' 21516000 ' 

289SO0O 
' 21516000 ' 

217000 
* 21516U00 ' 
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Total per paying-km, == 1818 If- 



The t«tal number of goods and passenger tonnv-kms, was (900,556 «f 670,667) uiilliona = 1, 601,23 >. 
mlllionfl and paying^kmi. 21,516 milHona. Conaeqnently, per pasaenger or goodj-km* the cost waa 
21616000 X 1812 ^^ . 

The expenses of tbe ataff and Don-ataff items of the tranfiportation per km, atnonnted to 
'638 + ^223 + '159 + "088 = 1*108 M, 

Consequently, tbe actnal transportation expeiisea per pa&^esger or goods Iraina-km. amounted to 

It is here asfiumed that the expenses per paesenger-kin, are the same m those per 
goods tonne-kni.j which is approximately the case. 



From the Graphical Table (amitted— Tk.) it is seen that on tlie GermaB State 
Eailways the working-expenses for years hare varied betwoea 55 per cent- and i^ii per cent, of 
the grosa returns, and may for the purposes of estimate be assumed at 60 per cent* 

§ 4. Determination of the amount of the Capital required for the ConBtruction 

and Working of a Railway* 

As already stated^ Eqn. 3, p. 91^ gives only the probable returns from local passenger- 
and goods-traffic. There is still to be estimated the revenue derived from passengers^ luggage^ 
the sale of old materials^ receipts from the Telegraph, Refreshment-room leases^ rente of 
Lands and BuildingSj subsidies from the I*ostal Department, &c,, and lastly tho revenue 
derived from through traffic. From the Graphic Table 2 (omitted — Te.) it is seen that on the 
Pmsaian Hailwaya the former at the date in question amounted to some 4 per cent, of the 
gposa returns. It has already been stated with reference to through traffic that it is Judicious 
to take it at a quite low figure. In order to be on the safe side^ both the above sources of 
revenue may be taten at 10 per cent, of the gross returns, 

,_' Thus the gross revenue will be : — 

W = 1*1 U A 

I, If the gross working-expenses are B and the capital K sunk in construction and 
working is to give a return of at least 5 per cent, then :— 

KS {hi U-B) 20 &a 

Assuming the ratio of the working-expenses to the total returns to be the same as 
that obtaining on tho Prussian Railways^ then for the same rate of interests 

Jr< MIT '4 X 20 = 8817. .„ ... ,.. ... bb 

In Table III (a few lines of which are given as a sample — Tb.) the expenses per km, 
for the lines under the jurisdiction of the Imperial Railway Department are given. Comparing 
the capital cost of similar lines in this Table with that given by Eqn. 5 an approximate idea of 
the commercial value of any projected line can be formed. However, it is the duty of the 
general preliminary studies to definitely determiDO whether and in what form — Main line, 
Secundary or Tertiary line, normal-gauge or narrow gauge — the line should have for the 
amount of the available capita. 



The procedure outlined above for the estimation of the probable revenue of a projected 
railway has been widely employedj particularly in Italy and Austria. Of course it cannot 
give absolutely exact results since the factors 

vary in each particulai' case. But with carrfnl and iutc^Uigent application it will give results 
which will certainly enable a good idea to be formed beforehand of the commercial build- 
worthiness of any projected line. 

With a view to uniform procedure on tlie Prussian State Railways in the preparation 
and presentation of estimates of prospective revenue attention to the following points is 
regarded as essentiali 

J*"-Eeveiine. 
(1) From FiassKOKE-ABrt) Goo&a>TR4Ffiet 
(a) The probable yaatenger-iralRc ta to be detertiiiucd on the basis of the tiomb^ of probably ji^ur- 
n&yn under the proraiUng local conditioaa of the iiibabitaiiii of tbe tralBc-&re«B of Ihe localities througli 
which the projected line la to run. On this deiermi nation adecju&te conaideration ii to be given to tb* 
distance of the iutfiridQaJ localities from thu near^^t station, to the commercial ocGU]>ations of the in- 
babitantflp and their standards of comfort, proxifljity to manulactoHea, large towna, markeU, &o, A 
laitable basis for this estimate will be afforded bj tbo data vrhich similar Hues alroadj existing in. the 
•«m« or IB Dttighbouringdjitrtoti »id InviMg aimilar Iralfto acid izi4ii»triM ohofactan lo tlic iistrict under 
coTTiparisoD, btsre gtven. 



{h) A statement ib to be fur niBhed for the purptw© of citimat^ of e»ch localkj with its popuMtioii und 
the number of thoir journoja id tho forta of ci Table lu which Is e«pecm!tj^ to U entered the pTObable 
Icngtb of tho juurnejs ia ki loins,, both in the case nf the projeeted line and foi- the aljre&dj eiiglii»g linei 
when ati increast^d traffio flows to the latter, 

(e) A %pi^L-m\ csihiinto U retiulrea for any pryaptn^tire 6]iock] iv^mn in adiliiieu to the gcncml traffic, 
inch na artisan traittj, tauriat trmnB, espuraion Imma to waU'ria^-plnces, pilgrimages, A^c* 

(cl) Eegardingihe ©ffeet of the prejeclod line ©n the i>fl.?ieiiger43-affie of eiiBting lines, it has to bo 
eiamlnod whether and in what depfreo there will be An incTOaie of traffic cnuRcd to the latter, era 
dc?viation of the tmffic tht^rcfrom to the advanta^t' of tlni lu'W line mvl to tho injory of the old ones. If 
the new litic will BhortcJi older routes, it i» to be partk'alarly and catefally eetimated what the eipocted 
tbreugh traftiq on the new lijies aa a couaeipjence of this will be* 

(ff) The kilometrie anit-ratc*. which ia taken as the bams in the esiimale of the probable returnp, ia 
to be worked out and rcasena brieilj gWon for its amount, 

(/) As to tbo revenue fiom biggnge a^ a rule, a simple ogtlmato mid atatemf-'Ui in per cents, of the 
revenue derived from passenger* Lraffii; will suftict*. 



11, KaoM Goo OS- A M> CattlK'Trah'u , 

(a) When feeder Hues are in c|nestlon, the fotlowiug pointa as a rulu will require notice in the fore- 
cast 

(1) What goods -kind und vol onif— hitherto e\trluiiiTely carried on the high roads ,or on watcr- 

waya are deapat^^hed to and from tbo h^cfilitiofi in tlio traffic-area of tho new liuc ? 

(2) What nfoods—kind iini! volumti — are at the preaent time earried to and from the neighbour- 

ing statioua of State mid prirate railways? 

(3) Within what urea, and up to what distance, ivill the volume of goods under (1) and (2) fall 

to the share of the new railw^ny ? 

(4) What are the principal gooda (classes)^ and what rttriinao will thej yield to the new line in 

termiiysls and mileage rates ? 

(5) What amount is lost to the older lines in terminal and, neder given cirenniatuTicesi m mile- 

age charges ou Ihc volumes of goods tmder (2) ? 

(6) what amount of rerenue can the older lines reckon on as derivable from the volume of 

goods determined under (1) ? 

ij) What new traRie t^ reasouahly to be expected from the opening-up of the disiricta c^neern* 
ed (arifliug from tbo enlurgement of cxtating" boBlnesaeSj or the founding of new (niius- 
trial enterprises, from the oJtport or import of ugrieuliural and forest productions, or from 
the increased demand for agriealtural implements and maehinory, Ac*), and up to what 
average diatanee w ill it probably bo moved on the old and new lines respectively ? 

{8) What roveiMie from the terminal ebar^ea and niilejigo ratus may bts e^Epnctcd from the traifie 
under (7) for lioth the old and the new linea ? 

The results of the above invettlgatton are to be tested and t^xaminrd as to tbeir eonipleteness and 
trustworthiness and J if ncceflsary, to he corrected* und linaUy exhibited in one or more tabular atate- 
mcnta, 

(h) When the projected Hue ^vilt unite already existing linf^s (State or private) the partieipation of 
the new lino in the through traHio to and from tho eiiating lines ia particularly to be examined (iu 
addition to the information required under (a). For this purp^tae the dhortenings of distance effected by 
the new lino nro to be determined for the most important stations - or nodes — ^and arc to be shown either 
in tho eulcnlation of the revenue itielfj or in a tabular statement. 

The decrease in revenue ou the older lines due? to their trafbc having been in part deviated from 
them and to the lowering of mtes ariBing from the shortening of routo are to be determined from the 
available data, and after deduction of tho saving in worMug-expensos is to be compared with tho revenue 
accruing from the traffic deviated to the new line. Xow the bnildiag of a new Uno which connects older 
eslating lines is tinaucially only justifiable if its injurious inHueuee en tho revenue of the older line^ can 
be restricted to tho smallest citeut posDible. Therefore paiticuhirly in the case of Sceondary lines it la 
ueoessary to examine wht^ther and to what degree, under the particular working conditions obtaining, a 
dcviotton of tbe trjiffic is proliable au'l advantageous, and whether in Uxing the ratea the full amount of 
the shortened distance is to be nllowed for, or whether the existing rates should he lowered only so f%r as 
is necessary to avoid re -book inf. 

(c) In determining tbe incrcaied working- expenses on tbo older existing lines ceanlting from an in- 
ercsfle of traffic tbercou it is to be home in mind that tbe expense of workiag the new additional tratKe 
ig usoally less than tbo average outlay for tho exisUeg traffic, hi most cases on the older lines the 
inereaso of business can bo handled adequately by the existiuf slan* and art'angementfi and witb thi> 
ordinary trains without any noteworthy inerease of cost, 

On tho other hand, a saving in working-expenses arising from a decrease in traffio iB only Ui be^ 
Tebkonod on when it caa be foreseen with eleamets and certainty, 

25 



98 

(ci) 'ilac ittcomo i3xpect<?d to be derived from caltlo-traffie^ dulj taking into account the local condL- 

tiaQi^ IS to be shown sopanitc>lj both for tho new line and for tho existing lincB, 

(e) As to tUii siibaidiiiry sonrccs of rcvenne from goods- and cat tie- traffic, what Iirs been ^id under 

(1} holdfl, 

TIT. OfUEfi Soufit'ia of BiV£M7X^ 

In tbo moijoritj of casesp the consideration of otbor aoiirc€£ of incomo may be neglccti^d ; in other 
caaca when tbia Ib not so an estimat<3d percent aire of the gross revenue will suffice. 

B.— Outlay* 

(a) Ths anticipated admin titration, maiutcnfineep end work! ng-ex|»e uses are to hti eBtlinated ander 
the hcuds of '* staff ** and '* materials " | and the probable outlay in addttioniil staff is to be roughly 
deteriDmed. 

(h) For Secondary lines it may be assuTned that when opened to traffic tbero will not be any cunsi- 
demble extrn expense in stuff in the A'Jminifltrftlion Departineiit nor of Inspectors* staff i and for the 
posts already (existing oti the dder Utios thi-ro is only tho extrti uxpeust'S to be considered arising from 
the new litie, 

(c) The determination of the *^ matcritil ** expenses in niado with the help of the Flan of Working * 
tbe traffic and on the basia of tbe probable work to be done by Ibe rolling-stock. Their estimation 
according to tbo ui it avomges for the whok* of the Prussian State Eaihvays published in the Statement 
or the Bcsnlts of Working — per l,tKX) locomotiYO paying-km* or Tehidc-aile^km.— wiU be for Secondary 
railways ncccsaary only in exceptional circttniHtftnees, heeauso their working and traiio conditiom nre 
mueb simpler than those of Main lines. 

(d) Witb tbe object of making the estimate as trustworthy as possible it is desirable that the 
expc^QScfl determined per km. be contruBted as f ar a« poBsiblo with those which eiperience shows to 
obtain on other lines si mi laily Kituatctl as tmtfic and working. 

C.—RetUTB on the Capital- 

(a) As capital is to be reckoned, the ^-ontribatoiy payments by the State for the 

(1) The constmetion of the line ; 

(2) Acquisition of land. 

(3) Purchase of the reqoistte rolling'Stock— on Secondary lines 10,000 M. per km, 

(b) Tho retiirn oa the capital to be expected on the basis of the net rerenne is to be calcnlatod both 
With and withont taking aeconnt of the teliex o£tects on tho State lines already existing or under eon- 
itmctioDj and expressed to one decimal ptaee as a percentage of tbe capital* 



TRAFFIC REPORT.** 

(a) Name and Object of the Proposed Eailway, 

The line is to be named as indicated in the Order authorising the undertaking of the 
preliminarj studies* 

The object of the prtjposed line h to be briefly stated in consonance with the facts 
exhibited in the Technical Rt»port. 

(b) Length : B&atricta and Circles passed through by the line* The approximate 
length of the wliole lino n^ well as tlie sLn'cral partg of it lying in each district and circle are 
to be taken from the plan and expressed approximately to one decimal place^ and care is to be 
taken that the sum of tho individual length.^ so shown is exactly equal to tho total length of 
the lino ; in addition the area in q- kniw. and the population in round thousands are to bo 
added in brackets, 

CO Location of Htte : ^vhen there is more than one project or possible line for the 
upeniTig-up of a district under eonsideratioi^j a short but exhaustive statement is to be given 
of the ground-s for the choice of the line selected and the rejection of the others, 

id) Economic ani Traffic condition of the districts run tlirougK The economic and 
commercial conditions are to be thoroughly jind exhaastively treated on the basis of the infor- 
mation supplied by trustworthy and competent authorities aud tlie Engineer's own observations. 
This is to include not only a detiiiled investigation of the necessity for the railway connexion 
but also a itatement of tlio prospective advantages and increased traffic facilities. 
' l*^e Prpgnimme of tho prvpoie<l method of working the prospecttv© traffic to **i« aubjwt of a sp^kl 

itnd/.— Tft.] 

[••Tbe Traffic Report diiwuBBct tlie projectwl Une in ita commeftial aspect and i« the work of the Traffic 
^perti. It u accompamed b/ a Teehnieal Export the work of the Engineer expert— here omifcted^giving a complete 
deftcripttOQ ol tho propoied line from a t«chiueal (ut. ©uginefrnng) point of tiow.— Ta.] 
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Tho traffic- or feeder-area of the line is in general to be assumed as being 5 km* wide 
on Iwith sides of the line. Its size ie^ accordingly, in respeut of the local conditions (for example^ 
already existing routes, mouiitatn railwayn, etc-), to be determincHl and express^^ed in f?q. ktns, 
in unit^ of 10 accompanied by the nmnber of the populatioQ in round thousands. A short 
dt^scription of the existing economio and traffic conditions i» t> be added, This will include 
data regarding tlie dlBerent formj* of agriculture and the productivity of the soilj minerals^ 
Acj existing railway?^, rorids, riv^er^t, itreami, Ac, and proposed works of art in reference to their 
inBnence on the traffic of the now line* Further, are to be stated the most important towns 
with their population in round hundreds, the prineipal branches of trade, and any other 
noticeable factors iDflnencing the future traffic of the new line resulting from the particular 
direction taken by the new line. 

The omission here of thesie details witli a mere reference to them in the part of tha 
project dealing with calculation of the revenue will not suffice. 

Only industrial and mannfactnring installations which are important in regard to the 
future of the line such as minesj cjuarrie^j smelting works, machinery factories, other large 
factories, milla, tileriesj brewerifiBjdi$tillerieSj&c.» are to benotieed in their respective districts. 
It is also desirable that the number of workmen engaged in 5argc works be mentioned. 

Finally, the influence of the new line on the future condition of the c%*onomic and 
traffic conditions of the districts opened-np is to be i^^tated provimonally. 

As regards the objeets of transportation^ only the most important and^ in particular, 
the bulkier need bo mentioned, but they should be distinguished as export and import. 

(e) Fiscal Property. The extent to which the new line will affeot Government 
(fiscal) landed property is to be indicated, particularly as regards domains and forests ; and 
where necessary, after conferring with the local authorities, the individual domaiiiB^ farms, 
head-quarters of Forest Hangers in the district aro to be indicated with their areas in hectares. 

(/) Constmction-cOstj shares of the co-partners : State contribution to purchase of 
land. 

In exact coincidence with the scope of the memos, subjoined to projects of law aa 
hitherto usual, are to be stated : — 

(1) The land-acqniaition expenses which fall to the share of the parties concerned; 
also the estimated capital for the construction of the line, exclusive of those eipenseSj expressed 
in round thousands of marks. • 

(2) The amount per km* of line of the construction-expense in round hundreds of 
marksp 

(3) Any extra cash contribations to the construction-expenses by the parties con- 
cemod, or the State contribution to the cost of the acquisition of land, with a short statement 
of the grounds for being s*anctioned. 

(4) When a case under (3) occurs the total amount of the expenses to be incurred 
on the part of the State for the construction. 

As the Memoranda wiU form the basis of the project of law to l>o brought before the 
Government particular care should be given to the editing, especially as to the accuracy and 
mode of expression. 

Foreign expressions are to be strictly avoided when equivalent German terms exist. 
All data must be complekly up-to-date, and if poafiible should be official, and the eonrces 
thereof exactly imdicatfid. 
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APPENDIX I. 



In order to a better nnder^tandhtg of the preceding and to facilitate Its applimtioti to any 
given case in tvhat follows is skoivn ht^ ?. concrete example tfte form in which certain of the 
preluninartf atudiea for a railway are to Iq submit kd to the IHrector of German Baiheayg 
for sanctiovt , 

TRAFFIC REPORT 
A projected Normal-gauge Railway 

FeOH BUAUyDORF TO GHLTHV^AtDE. 

At De&igmtion and Object of the Propose! Railw&y^ 

The objoufc of the line is to connect tbe districts lying between the Friederichsfeki- 
Eaupaclij RsLupach-Emujidorf, Braundorf-Lindheim, and Liiidheim-Friederichsfeld lines, thus 
opening up an area of some 000 r[,kin» 

The districts passed through ai't» generally fertile and carefully cultivated, ;iiid 
coutain valuable minerals (stone, turf) : there are also numerous industrial conceros. 

The proposed line wfll confer railway connection so iudiapensible for their progress 
on the district nm through and on its iuhabitaiitj*, both witli tlie individual districts and also 
with the existiug lines of railways. 

More particularly a connection will be made with Friederichsfeld the adjacent capital 
of 4he principality of E. which it is calculated will facilitate to a still greater extent the present 
brisk traffic J nnd at the ??ame time increase it. 

The new line will also provide a shorter rail oonneKion between Braimdorf and 
Friederichsfeld and will tbns join-up a cons^iderable part of the traffic-area lying on the 
farther side of these two stations. 

The shortening in question will be somewhat as follows : — 

Friederichsfeld and Berlin 17 km, 

„ „ Braundorf 17 ,, 

Griinwalde 31 ^^ 

Berlin and Annaberg 13 ,, 

This shortening of distance will render possible a much more rapid movemont of good^ 
in an important traffic district, especially between Berlin and Friederielisfeld. 

From a military point of view also the line will bo an important one, and will there- 
fore be so located that complete military trains can be despatched at intervals of 2 hours by 
means of powerful locomotives. 

B. Length : Governmental districts and circles traversed 

The length o£ the lino between the railway-stations of Erauudorf and Griinwalde will 
be about 29^2 km. Of the existing station track in Braundoi'f and GrUmvaldo however *7 km, 
will bo utilised, so that the length of the line to be built will be ODiy 28*3 km. Of this dis^ 
tance 7^ tkm. lies in Prussian territory, namely, 3*2 km. in the royal district A, circle Musterfeld 
(13j379 fi- km. 52^000 iohab.), and 4*2 in the royal district B, circle Eaupach, (802 q. km, Bl,00O 
inhab.). The remaining length ol 21'1 knu lies in the principality X; of this, 17^8 km. lie^ 
in the circle TJndbeim ^812 q, km. 62^000 inhabOj and 3*2 km. in the circle Friederchsfeld 
(543 q, km. 128,000 inhab.)* 
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C* The Loeatian describei* 

Tho proposed line runs from the Bmuudorf station some 2 km, soathwards along 
the BraundorE-Raupach linCj then goos in a south -westerly direction to Bruchhausen- an 
important place, on account of its stone quarries^ and from there to Bohndorfj in the neighbour- 
hood oE which there is a sugar factoryj and continuing in the same direction via Nehrheiui 
and Griinwatde until the Lindheim-Friederichsfeld lino— some 2 km* east oE the Griinwalde 
railway station — is reached. From this point the uew line will run along the track of the 
Main line and joiu it at Griinwalde* From Griinwaldo to Friederichsreld, the Mainline will 
be run over* 

Bedide this projected line there are two other lines from Nehrheim under considera- 
tion. One of the.se would run iu the Steinbach valley along the right hauk^ and possibly join 
the Friederiehsfeld-Haupachline at Dreuheim. The other proposed line would follow the right 
bank of the Steinbach as fur as Dristadtj cross the Steinbaeh at thiti point and then run 
along the left bank via Neaselrodo and Hehren and Join the FriederichsftM-Lindheim line ati 
the flug-station at Delben. 

By the two lines these distance is about 7'5 km- and 8'3 km. longer. The construction 
wonld involve an additional expense of 1^000,000^ or 600,000 M. Besides this, the ground in 
the Steinbach is mainly nwamp* 

Consequently, the first and shortest line tQ Griiuwalde which is also the cheapest to 
constrnct is the oue taken for further study, 

D, Economic and Traffic conlitlanst (1} The traffic area described. 

The district opencd-up by the liue Bniuudorf-Griiu^valde has au area of about 
200 q.km, with 11,000 inhabitants. The line itself will directly touch some 40 q.km, and will 
serve a population of 8,000* The soil of the strip of country io question is mostly fertile. 
There is a w^ell-developed sjstem of agriculture, grazing^ and a considerable business in 
cattle-rearing. Amuugst the principal agricnhural ubjects produced may be named corn, 
potatoes, and beet-root- Further, there arc extensive foreats and valuable stone quarrieSj 
also, clay, sand^ turf and loam pits. 

In the district under notice there is a welUbnilt carriage road. The use of made 
roads to the nearest railway station is, however, for distances up to 16 km. associated with so 
mucli expense that any competition with other districts having more favourable means of 
communiclation is very difficult and almost impossible* Btit in the case of a now railway, 
the existing roads would form appropriate and convenient ways of approach and deparLure 
for the railway traffic. 

The most important towns touched by the proposed railway and their populations are 
as follows • — 

Bruchhausen ... ,., ,.. ,,, 1000 

Bohndorf .,, .., ... ,„ 300 

Nehrheini ,** ... ... ... oOO 

Griiuaue .,. ... .. ,.. 200 

Herztlorfj Baraheim^ Florbach, each *,, ... 400 

Of these BrnchhauscUj Bohndorf, Nehrheim and Gruuauo are proposed as railway stations. 

At Bruchhauseuj the principal branch of industry is the quarrying and working-np 
-of stone— in the remaining place^^ agriculture is the principal oniploymeut* 

As regards more di,^tanb commercial di^itricts there are the following important 
places : — Dristadt 800, Benzlieim, Dcrdorf, Wehrheimj each with 000 inhabitants, Gr.Klosbach 
500^ apid Gr. Kirchheimj Friosbach, Florbach and Wehrburg each with 400 inhabitants. 

Here also agriculture is the main occupation of the inhabitants. 
26 
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In the district to bo oj»etied-Up tliefb afe the following indlustml concerns — important 
in view of future traffic, 

[a) In thk LiNimEiH Circle, 

There are extensivL* stone quarries in the ueighbouphood of Beuzheim and Bruck- 
hauseu which employ regularly sume 400 workmen; a beetroot-stigar factory and chicory 
manufactory in Bruclihausen in which 50 workmen are employed, a sugar factory in 
Kircliheiin employing 150 hands j three tileries in Bruchhauseuj Herzdurf and Zarndorf 
employing 30 workmen^ a creamery, a limo-burniiig busines&j and several mills* 

{h) Ix ing MUKSTEBFELD CJlECLE, 

There are sandpits at Wchrbnrg and Lehpisburg employing 14 men ; seYeral tileries at 
Wehrheim and Kl* Fiiesbach employing 15 hands; also a distillery. 

A pauking-case and cask manufactory, turf bogs at Kl. Friosbach and Flurbach> 
and several mills some of which are worked hy steam* 

lu the neighbourhood of Driatadt and Nixdorf there are extensii-e loam deposits. 
Up to the present owing to the high cost of transportation little or no use has been made of 
these deposits, although they would provide an excellent manure for less fertile districts^ 
such as J for instauce, the adjacent part of the province of A. The business would be an 
advantageon!* one not only for the owners, but also for a distant circle of buyers- 

For tlio same reasons the sand o£ Wehrburg and Lehmsdorf^ which is so valuable 
for glass-making, and the great turf deposits at Kl, Friesbach have been but imperfectly 
utilized. 

Finally, there are in ' this district run through by the railway extensive forests^ 
especially the (fiscal) Gleinbach wood in the Raupach circle : and these owiug to the io>perfect 
milway comnmnieations are productive in only a minor degree. Tho proposed raihvay will 
confer on agricolture, forestry^ and the manufacturing industries, and on the mining under- 
takings in the district to be opened-up tho possibility of a larger and more rapid sale of 
their productions resulting in a more convenient and at the same time cheaper sati^ifactian of 
their many reqairements, 

2* Commodities to be dealt with- 

The principal objects of transportsitioii will consist of agricultural products and cattle 
together with an export business in sanastone, bricksj manure (loam)j griivel, turf, sand, Leefc- 
ruot, beetroot-parings, sugar, and timber. The importi will consist of manufactured goods 
small coal, coke for domestic use^ steam coal, artificial manures, seed, cattle food and poor 
underfed cattle, 

3. Effect on the State Lines^ 

The new line will withdraw traffic for considerable distances from the existing State 
railways and mainly from that between Friederichsfeld on one side, and Braundorf- 
Wilhelmsthal and Grafenstein and Berlin and their hinterlands on the other. The exist- 
ing lines will suffer a further reduction of traffic since the rates (per unit) over a considerable^ 
traffic-area w^ill (all owing to the shortening of distance by the new line. On the other hand^ 
the new line will bring new traffic to the older State lines from the uewly opened-up dis* 
trictSt 

It 19 probable that the annual loss of revenue to the State Railway lines may atnounfc 
to 08,000 M. per auTinm. 

The greater part of this falling-off of revenue will be profit to the new line and is 
derived mainly from the through-traffic, and the balance will go to the freighters, oiBmig to the 
reduction of rates consequent on the shortemng of the distance. 
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4* Goverameiit L?nis. 

The new line will be important as opeiiiug-up the (fiscal) Government lands. The 
doumin Nonneiiberg^ situate in Prussian territer}-^ and the Gleinbach forests amount to abou<[ 
100 and 280 hectares, respectively. 

&• Cost of canstraction— Share therein of the parties concerned* 

Tfiti amount due {or laud-contributiou from the cummuiies and landowners affected 
by tho proposed line Is estimated at 298,000 M. and the construction expenses (exclusive o£ 
these pajmenta on account of land, and of the special fundg to be subsequentlj agreed 
upon for the rolling-stock) at 2,450,000 M. or for a length of 28"5 km., say^ 86,000 M. per km* 

The Government of the principality of Z has offered to pay a caali contribution of 
SjOOO M. per km. Accordingly, this contribution for the 21*1 km. lying in this principality, 
Tfill amount to a total of 168,000 M. 



(24c 



The share of the State contribntiona to the construe tiun-cost \\\\\ therefore be 
-laS] 000 = 2,28i;200 M, 



Calculation of Revenue of a Subsidiary Railway, 
Fbom Braundorf to Grunwaldk. 



L Eevenne from the new Line. 



A.— QeneraL 



The working-length of the line is 29-2 km, or, say, 30 km, Beside the tenninafe^ 
stations are proposed at Griinaue, Nehrheim, Bohndorf and Bruchhausen, 

The distances apart of the several stations are as follows: — 

From Grunwalde to Griinauo .*.G 7 km. 0* km. 
J, Nehrheim -..6'd „ 13 *, 



Griinane 

Nehrheim 
Bohndorf 
Brnchhausen 



Bohndorf ,-,7"7 ,> 
Brucbhausen ...4'0 „ 
Braundorf 



„.4'5 
29*2 km. 



207, 
24-7 J 
29-2 



B»— Passenger-traffic. 

From Statement I — p. 108 — in which are given the traflRc data based on the reeults 
of working of existing lines under similar traific and revenue conditionsj it is seen that the 
probable Ucal passenger-traffic on the new line will amount to 1,340,000 passenger-kms*, and 
the additional traffic on the old existing lines will be 452^000 passenger-kniSp 

Thus there is a total of 1^792,000 passenger-kms,, and assuming a return per 
passenger-km. corresponding to the present conditions of the Prussian State Kailwaysj viz. 
3 pf., thero will be a total revenue of 53,760 M. 

Assuming that the revenue from luggage to amount to 4^ of the gross returns from 
the passenger-traffic, then the revenue of the new line from the local pat ftengit and goods 
bnjuness pet a^nnum is 

53760 + 53760 x '04 = 56,000 M. 

In this calculation all special end extraordinary descriptions of traffic guch as work- 
men's trains, tourist- tickets, excursions, watering-place trips, pilgrimages, etc*, are under the 
aivmned cotiditioos eoEclnded, and conaeqnently are not to be corssidered in the estimate of the 
new line's probable traffic^ since a district of only average traffic charattCT is in t { oe fltipn > 
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Since the projected line will coiisiderably shorten emting lines, it will enjoy a 

<jonBiderabIe through traffic. The revenue from thisj according fco the investigatioos 

of competent statistical authorities^ for passenger and goods will amount to 9,000 M» 

Consequent! jj the probable annual gross revenue from passengers and parcels of the projected 

line will be 

56000 + 9000 = 65,000 M. 

C— Ooods-traffic. 

According to data funiBhed by the local anthoritieSj the goods-traffic will comprise 
Imports : Stone, sngar, beetroot, beet-refuse, grain, potatoes, butter, milk, sand, tnrf, timber, 
beet-extract, cattle. 

Exports; Coal, beet, limestone, manures, fodder, grain, building-matcrialsj manufactured 
goods, cattle. 

In Statement 11 — ^p. 109 — h shown the volume of and distances for which the above 
goods will probably be offered for transportation based on information supplied by the 
local authoritiea, together with the revenue that will accrue therefrom to the Administration. 
Accordingly, the projected line will draw an annual revenue 

from the goods- traffic of . * . . „ 161,800 M. 

„ „ cattle „ ... ,., 16j700M, 



Total = 177,500 M. 

The annual revenue from the through goods- and cat tie- traffic according to the 
calculations of competent statiaticial authorities is put at 6 1,000 Mj so that there will be an 
annual gross revenue of 

177500 + 64000 = 241,500 M. 
Di— Gross rfiveinie> 

Tbft total revenue of the projected line accordingly is 
.erOOO + 241,500 = 30G,500M. 
Hiis gives for the tariff -km. a revenue of 

^5"-= 10.200 M. 

Employing the method of determining the revenue given in § 2 — p. 91 — we obtaiu 
the following results. 

The formula for the total revenue derived from local passenger and goods business 
for the whole line is * 

U=pe^ d,(l + ^) + ff c, d, (l + ^) h\ 

The population of the station areas is taken aa under r— 

Brauudorf and Warmshausen : 200() + 1000 = 3,600 : 

owing to their proximity to the existing lines only — th of this figure is to be taken 

Bruchhausen .,, .„ 950 

Bohndorf ,,. ... 300 

Nehrhoim *.. ,„ 500 

Grunaue „, .,.200 

Griinwalde ,„ ,,, 450 

As in the case of Braundorf, and for the same reason^ only rd of this last figure is to be 

taken, viz. 150. 

Since the projected line will be a State Hail way, the terms in the above formula wiH , 
have the following values p^ 
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(n) The average annual nnraber of passengers and gooda-tponnes per head of popu- 
lation : p = 197, g = 5-4 (see Table IJ— p> 89— Secondary lines, for station aite^ of lesa than 
IjOOO lahabitants. 

(6) llevenuB per passenger- k m. ; c^ = about '03 M. and for the gooda-tonne'km., 
Cg ^ about 04 M* (see Table III.^p, 93 — cols, 46, 47, Prussian State Railways), 

(c) The average length of journey or passenger-haul on the Prusdian State Railways 
is til = 24km*j and of a goods-tonne d^ ^ 115 knui on a line of 29'2 km* in length, di will 
= 12 dj ^ 18. (see Table IIL, cols* 44, 45. These two values of d^, d^j, are means), 

(d) The total number of inhabitants in the station sites is 
E = 600 + 950 + 300 + 500 -h 200 + 150 ^ gJOO. 

(e) The length of the line, 

L=^ 29-2 km. 

Inserting these values in the formula we have 

U = [l9'7 K -03 X 24( 1 + .J^)+ 5-4 x 04 >< l^s( ^ + g^)] 2.700 ^ 162,000 M. 

To this sum has still to be added ertra revenue derived from other aoarces — pass- 
engers' luggage, rents, etc,, which at the present time on the Prussian Railways amount 
to 4% of the whole; so that the total is thus raised to 169,000 H, 

Now since in deriving the Formula (3) extra-ordinary traffic conditions have been 
expressly excluded, and since also, the values^ for p and g in the Tables I and II, have been 
deduced under the same limitation^ the traflSc from the great stone quarries at Bruchhausen 
must be allowed for separately. According to the Techenical Report accompanying this 
Estiiput^ (omitted — Tb.), this traffic at the present time amounts to 8,500 double loads = 
85,000 tonnes. The stone goes wholly to the large towns of Friedrichsfeldj Grafen6t«in, and 

Kldenau, and in the proportions of ^, ^, ^ , respectively. 

Consequently, the projected line will carry — 

85000 
-^ - = 28,000 tonnes a distance of 24"7 km, (Bruchhansen-Griinwalde.) 

85000 X 2 



3 



= 57,000 1. 



4*5 kns* (Bruchhauseu-Branndorf) 



The revenue from this amounts to 

(28000 X 21-7 + 57000 x 4 5) -01 = 38,000 K, 
The revenue to be derived from its own traffic by the new line will therefore be 

169000 + 38000 ^ 207,000 M. 
To this is to be added the revenue derived from the tlirough traffic, viz, 

0000 + 64000 = 73^000 M. 
So that the gross revenue derived from the projected line is 

207000 + 73000 ^ 280,000 M. 

TI. Effect of the Projected Line on the Traffic of existing Lints. 

The shorteniug oE existing routes by the building of the projected line will bring about 
the reduction of the existing passenger-and goods- ratios. Owing to this, beside the falling-off 
in revenue on the existing lines, put at 73,000 M, there will be a second falling-off in returns 
due to the deviation of the through traffic on to the new line j and according to the calcula* 
tions of the official traffic statisticians this will amount to 

For the passenger and luggage business *.. .,, 5,000 M, 

J, goods and cattle „ •- ,., 48,000 „ 



or a total of 

The total loss to the older lines will therefore be 126,000 M, 
27 



53,000 M. 
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There are importaDt stone-quarries, turf bogs, clay, marl, and Band-pits^ sugar 
maBufactLirieBi brick manufacturies, distilleries, creameries, milla, atid woods on the new line. 
The increased facilities of sale of cotninodities and the opening-np of districts will increase 
(he general buaiQCss done, and thus in a short time^ the transportation on the old lines may be 
expected to increase, so that eyentually there will be a considerable reduction in their original 
or initial losses* 

III* Working Expenses. 

A. STAfF, 

Increased number of officials in the General Administration, ,.. .,, ,„ ^,000 M* 

1 P.^Way Inspector .„ ,. ... ..- ... ... .,. 2,800,, 

8 Line Inspectors and line- walkers *.- .., *,. ... ,.. 8,000 ^, 

1 Station Master (Bruchhausen) ... ... ... ... ,,. 2,800,, 

4 Pointsmen, I Class (Bruchhausen, Bohndorf, Nehrheim and Griinwalde) ,,. 7,200 ,, 

7 Points men J and Assistant Pointsman (Bruchhausen 2^ Bohndorf 2, Nehrheim 1, 

Griinane 2) „, ... ... ... ... ,. ... 9,100,, 

7 (iraugmen (Braiindorf 1, Bruchhauseu 1, Bohndorf I, Nehrheim l^ Griinane 1, 

Griinwalde 2) .,. ,., ... .,, ... ... ... 5,600 ,, 

3 Engine-drivers ... ... »-. ... ... ... ... 7,500 „ 

8 Stokers ,.. . .. ,.- .., ... ... ... 4^500 ,, 

8 Guards ... ... ... ... ... ... ... ... 5,400 „ 

7 Brakearaeii, Assistant Brakesineii^ Porters ,., ... ... .,, 9,100 „ 



Total .. 65,000 M. 



H. M^.TKEIAF. GrP£H8E6. 



According to the proposed programme of working (omitted — Tr.) the projected 
line there will be daily three mixed passenger trains and one goods train ; consequently the 
paying^oad km. per annnm m\\ amount to 

2 X 4 X 29 2 X 365 = 85,264 pay.-load-km. 
add : for returned emptier and slmntiug, at 4% 3>410 

Total . . . 88t700 pay.4oad*km. 
1, (Tcneral Management; — 

According to § 3,* the non-personal it^ms of General Administration amount to^ 



106 M per pay-load-km. i.e., 88^700 at 106..* 

2, Way and Works : — 

(a) Maintenance of track between stations, inclusive of 

the through track in stations — excluding rail, sleeper, 
and switch renewals — per pay-load-km. @ '1 M. 
A 88,700 at ,.. 

(b) MaiDteimnce of side track in stations per pay .-load- 

km, @ 05^ M. :. 88700 at 

(c) Maintetiance of telegraph, signals, per pay. -load -km* 

@-007 M. ;, 88,700 at 
{dj Renewal of the track— @ 135 M, .\ 88,700 at 
(a) General expenses of road management*® *01 H. 

A 88,700 at ... 

3. Transportation Expenses : — 

(a) Train-expeoses @ '223 M. :. 88,700 at 

{b) M aintenanc© of vehicles @ '159 M. .\ 88,700 at 

(e) Eenewals of Rolling-Stock @ 088 M. ,\ 88,700 at . . 



=r 9,400 M. 



•1 M= 8,900 M. 

054 M^ 4,809,, 

■007 M = 600 „ 
via5M= 12,000,, 

•01 M = 900 „ 

223 M = 19,800,, 
'159 M ^ 14,100 „ 
088 M== 7,800,, 



Total... =: 78,300 M. 



[•Bcwp, W.] 
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The total expenses are thus 

65000 + 78300 = 143^00 H. 
and therefore per km. operated they are 

143300 



2i^-2 



= S«000H. 



[If we take the total cost of a paying-km. as deduced in § 3^ vis. 1*812 M. then we 
have as the outlay a sum of 

88700 X 1*812 = 160,700 H. 
or per km. of lengtij operated 

29>2 ^ 5,600 MJ 

IV. Calculation of the Profits. 

Omitting the making good the loss to the existing lines> the profit-producing capaoil»f 
of the projected line is 

gross revenue : 280,000 M. 

gross expenses : — 143,300 „ 

Profit 136,700 IL 
or per km. operated is 4,680 H. 

1. The cost of construction exclusive of land and rolling-stock amounts to 
2,450,000 M. This gives a return of 5*6% on the invested capital. 

2. The equipment-expenses inclusive of rolling-stock amount to 2,450,000 + 
528,000 = 2,978,600 M. : under these circumstances the retpfns fall to 4*6%. 

3. If the loss in revenue of the old lines be taken into account and it is assumed 
that half of it is recovered by the increased traffic arising from the new line then there remains 
a profit from the working of 

186700-^?^= 73,700 M. 

which gives a return on the invested capital- 
exclusive of rolling stock — of 3%. 
inclusive „ „ — of 2*6%. 
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APPENDIX J. 



The trial of Dr. Arons, the Socialist lecturer on mathematics at the Berlin University, 
on a disciplinary charge^ has now, after more than twelve months' delay, reached its antici- 
pated conclusion. The Ministry of Education, acting as the final Coart of Disciplinary Appeal, 
has decided in accordance with the terms of the so-called '^ Lex Arons/' which it framed and 
passed through the Prussian Chamber, with a view to the exigencies of this special case, that 
Dr. Arons must be deprived of his position as a privat-docent, and consequently of his right 
to lecture at the University. In July of last year, the Philosophical Faculty of the Berlin 
University, acting as a Court of Lower Instance, decided that there was no ground for pro- 
ceeding against Dr. Arons, who though known to hold Socialist opinions, had not taken part 
publicly in the agitation of the party. The case was then referred to the EducationDepartment, 
which has now condemned Dr. Arons in accordance with the law framed for the purpose. 
The Socialists, as the Vossiache Zeitimg observes, are attended with excellent good fortune. 
Dr. Arons has hitherto taught mathematics. In the future he wiU teach Socialism— 

Ths Fionur, 26th March, 1900. 
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" But to such engineering as is needed for laying out railways, the deGnition 

"giTen is Htorally applicable^ for tie economic problem is all there is ia it .*.*.,. , A 

" little practice and a little study of field geometry will enable any one of ordinary intelligeiacej 
" without any engineering ko awl edge whatever in the larger sense, to lay out a railway from 
" almost anywhere to any whercj which will carry the locomotive with perfect aafety, and 
" perhaps shew no obsfcrusive defects under what is too often the only test — inspection after 
*' construction from the rear end of a palace Gar« 

*^ Therefore ..... one may fairly say that the locating enginar has bat the one 
" end before him to justify his existence as such^to get the most value for a dollar which 

" nature permits ; and bat one failure to fear— that he will not do so His true 

**fauctiou and excuse for being an engineer, as distinguished from a skilled workman, 
^ *' begins and ends in comprehiinding and striking a just balance between topographical 
'* possibilities, first cost^ future revenuejand operating expenses 

'^ But whert3as tho 'operating expenses' of bad bridge engineering come in a serips 

*' of startling catastropliies which shock the community the operating expenses from 

" bad railway location come by a gt^ntlo but unceasing oosse from every pore wliich attracts 
"no attention, albeit resulting iu a loss vastly greater thaa any possible loss from bad con- 
"struction: far it requires some training end eiperience even to appreciate the loss a 
" eiistiugj and ttiU more of both to appreciate it as remediable . ^ . . . 

** Hence it bappena that Railway Location tends more and more to bo entrusted to 
*^ those to whom it is a mere temporary incident in their professional c-ireer, and who consider 
" tho work mainly from the constructive standpoirvtj without much attention to those larger 
" economic questions . < . » • to which ^ in well conducted work, the mere constructive details 

" should be wholly subordinate.*'* ^Wellin2;ton ; The Economic Theory of the Loration 

of Railways : pp. 2-3. 

" Ii is conceded to-day that a thorough acquaintance with all the branches of science 
*' connected with his profession is an essential requirement for the engine en A man who is 
" merely an expert in material matters is a good workman, mechanic, or artisanj but he is not 
" an engineer. By courtesy he may be calkd so ; but his conscience must tell him that he has 
" no more right to the title than the medical man with only the parchment of a licensing body 
" has to be called doctor." 

Engineering : 2 March^ 1900. 



" As regards the survey operations^ it should be noted that there is hardly any branch 
*^ oE engineering science which has made such strides in advance^ in recent yearsj as that 
"of railway location, It is now more thoroughly understood that the extra expenditure 
" iu employing competent men, and in spending sufiicient time in working out the several 
" problems that present themselves in the prosecution of such work, is trifling in comparison 
*' with the beoctits derived from such a course in lessening the cost of cojistruction and 
*' of working. 

C, 0, Bitrge ; Railway Oon^truction in N. S. Waf^M. 
[Mim. Proa. InsL C, E., VoL CXXXIL] 



* Xi. gr, *' Tbo report of Major Q. F. Wilson, E.H., on tbo Ceylon milwBf ajfltom, makes serioat charges 
** a^inst the onginoor ro0|iOiiaiblo for the Ipcatieu of tho co&at'tice oxteosioD rroin Alatgama to Gallo. It ia Btatod that 
*' tiOATj grades haro bcoa put in which cotild have beon uroidot!, whilst sharp rovense cnrFea arc freqtzent. 

'* The offioml explanation given is that the cbtof res i don t ongiaoer coa«aJted the general inaiiager ad to the 
*' iiharpest cnrre and atecpost grade on the einuting Unc, and boUeTed that if be got nothing worBo on tho citenaiati 
** tie would bo ^oJDg all tliai wa« desin^d* Tbia somowfaat bsphazard xaethod of locating tho line has resulted in 
^'•itpeinetj hear/ working eipentos,— i^'njjmferfTvj* 



AUTHOR'S PREFACE. 



IN Part I of mj ** Theory of the Tra^e " the problem of location was considered 
Bolelj from the ecomonic standpoint m * Commercial Location/ We have 
now to consider in detail the techiiiml conditions which depend on the form and 
character of the ground and on the typo of construction and mode of working. 
The method of treatment differs for Railways and for Roads ^ and in this Part IJ 
the discussion is restricted to Railways. 

The constructional details of the tracks the substructure, and of all works 
of art are assumed to be known, as is also the existence of a geodetic survey, 
maps of the country and of its configuration together, and a knowledge of the 
physical and geological cliaracter of the ground based on an actual examinatioii 
of it, 

Tlie technical laying-out of railways in its entirety comprehends all the 
considerations, numerical investigations, rules derived from experience, and the 
prescribed Government Regulations, which come up for consideration and disposal 
in the choice of a line of railway. All technical conditions are to be constantly 
regarded and disposed of from the broader point of view of more or less remote 
jinahcinl contingencies. 

It Is the object of the present Work on the Theory of 
Location to withdraw the problem of the determination of the 
trace and of its shape in plan and elevation from the reg^ion of 
vagrue guesswork and to place it as far as practicable on a 
mathematical and numerical basis. The work of location is not there- 
by, however, reduced to a simple problem of figures, it demands in a degree 
scarcely found in any other technical work a comprohensive study and a clear 
critical judgment of the many-sided economical and technical matters in which 
calculation serves as a tooL 

Particular circumspection is required in fixing many of the numerical 
values employed in the calculations, since some of these, for examplet prices, are 
subject to temporary and local fluctuations; others again are based on contingent 
future conditions which can only be dealt with by a guess. 

It is inherent in the nature of the problem that there is uncertainty 
in the determination of several ol the quantities entering into the discussion * 
this is unavoidable but that by no means lessens the value of these theoretical 
investigations from which we obtain a clear and rational conclusion in place of an 
opinion based frequently only on a merely indistinct intuition. 



Wilh. Launhaidt. 



Le& questiana de depenses eu relation avec lea difficultes rencontreefi dans I'exploi- 
tation dea voies ferreea par guita de leur trace denetinetit de jour en jour pliia importaiites 
avec I'accroisaeoieiit du r^seau secondaire. En Allemagn6» en Autrichd^Hongrie et en Suisse 
oil les fortea rampea sant f r^quenteg, cette question de la variation des depensea d'eJtploitaticm 
aTec Ib profil des lignes a ^t^ suiyie de tr^s-pr&s pendant cea demi&res annees. Parmi cea 
travauXj una etude interessaute recemment publiee en Allemagne par M. Launhardt, directeur 
de FEcole poly technique de HanOFrej noua a paru digue d^^tre exposi^e dans ses traits g^neraax 
a canae de I'originalit^ de la methode et des resultati remarquables auxquels elle conduit. 



En resum^i lea formules de M, Launhardt permetteut d'aborder aualytiquement une 
foule de problernes relatifs a Faffectation dea depensea d'exploitation sur lignea accideutees, 
ou a Tetude approfondie du trace dea lignes projetees. Lea donn^ea fiuffisammeut preciaea 
manquent toutefois^ maia il est juate da dire que celles obtenuea par Tauteur aont d'une 
approximation bien superieure anx eTaluationa que I'on fait anjonrd'hni loraque Fou projette 
nne ligne £erree> et en cela les formules qn'il donne peuveut 6tre d^uoe incontestable utilite* 
Nous ajouterons qu^av^c les documBnts sia&istiques d'une Compagnie on peui arrivBT a etahltr 
avec sttffittamment d^ezaclitude lea coefficients numiriqueaj pour proceder a la reeiBum de cer- 
taiaes parties de la voie qui offr&nt de$ difficultes ipeciales en iervice courani, et, par exam pie ^ 
recherclier a'il j a avantage 4 angmenter lea fraia de premier etablissement pour diminuer 
lea depeuBea journali&rea d ^exploitation par un abaiasemont dea ra'mpei nuisihlesj le redrea- 
sement de courbea trop raides. 

(Ch, Oerhardt : Revu€ GeneraU d§a cfumim d€ fer : Oct 1878^ j?. Z22J, 



REVIEW. 



THE TECHNICAL TRACING OF RAILWAYS. 

Teohtiische Trass! ru ng der Elsenbahnen* Zfreit^i rieft der ThoHe d«« TmattenA ran 



la the literftture of the aubject it ie tmdoubtedl}- tbe economic aepect of Railway work 
tb&t for & variety of reasons baA hitherto been the least cnltiyated. Whereas Mecbaaicfi and the 
Strengtb of Materials have a well-defined field of their own, itn^nlijic Civil Eng^ineering pre- 
ittppoaei a knowledge of this economic aspect of its subject ; and a thoroagb treatment of the 
Bnbject from an ecouomio point of view ie only possible when based on a knowledge of tbe science 
of Engineering. Bat as the scope of the economic side of engineering widens, and in proportion ai 
the principles of Mechanics are applied to economic concerns, the individnal probleme become more 
complex and many-sided, and therefore {ess amenable to systematic clasKiEcation and treatment. 

The finpremo merit of the present Work of the distinguished Author is that it tieatfi 
from the economic point of ?iiew the oonsilerations, nnmerical investigations, ani rales anl 
precepts derived from experience, which determine the choice of the string of lines forming 

a r^way Oentre line. Coneeciuently, it would be unreasonable to look for either completeness 
and still less, unlimited appHoabiUty in its conclueionB. The work ie based on the Statistic! 
of the Prussian State Railways for 1885—86; its fgureit thus have referetwe $ok'y to the average 
eharacter of the whole Prmnan State Railway 9ijstem and must be COTTesprndingly modijied if its 
eondmions are to he applied tfi other railxpayg. Further, the Author in or tier to obtain resnlta of 
general applicability has had to make in several in stances certain assumptions which limit the 
appHcability of bis formuloo. Thus (see § 2) in his determination of the Cost of Construction he had 
omitted all Stations and Major works ; and the remaining line-expenses he has treated as being in 
direct proportion to the length of the road i a^fio the question (&ee § 33) whether a line in the bottom 
of a Valley or one on tbe valley'-siSe is tbe^ better is investigated without consideration of the fact 
tiat a valley bottom-line generally costs less in maii^tenance than one located on the side of th« 
r alley. £4^everthelesa in most cases the results obtained in the work under notice are of im- 
mediate practical application. 

The first Section begins with an analysis and subdivision of the Construction-cost and 
Working-expenses into those items which are independent of the traffic and of location of the line, 
those which increase with the traffic ; vis^. Stat ion -expenses, and the Hoad-expenses ; those directly 
proportional to tbe tonne-kms. and passenger-kms. performed ^ and the cost of motire-power 
dependent on the traffic, length of line, and character of the line. Formalea and numerical data are 
given connecting these expenses with the length, curvature, and gradients of the line and the 
direction of the goods- and passenger-traffic. 

Section II contains investigations of the beet value of the details, vise, the width of gauge 
width of ballast and accessories, car vat ore and transition-curves, the gradients, the optimum ruling 
gradient, momentum -grades, lost height, distance apart of etatione, and finally, virtual lengths and 
grades. 

Section III treats of Location under the heads of general and detailed tracing, location 
in flat or undulating ground, in hilly ground, and in mountains ^ of the relative financial merits of 
two locations in hilly regions, of continuous and broken grades, the development of the trace, 
and of its location by means of contours, 

From the above description it is evident that the contents of this work are most varied i 
and tiWtty Bail way Engineer ought to be grateful to the esteemed Author for his attempt to 
remove a difficult eubject more and more thoroughly from its present region of bUnd guesswork into 
^e domain of scientific certainty. 

FORCHHEIMER, 
[In the ** OrgMXL fuF die FortieliTitte dei EiteubahBWfseiii.''} 
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EXPLANATION 
Of the more Important Symbols occur)*ing in 

this Work. 



A = Kilometric capital cost. 

Bq = The cost of the locomotive-km. independent of the tractive-force exerted. 

B. = Cost of an engine-km. when the locomotive exerts its maximum tractive-force. 

B 4- B 

B = ^ — ^ = The mean cost of a locomotive-km. 

L s Weight of locomotive and tender in tonnes. 

Q = Weight of the train, excluding engine and tender, in tonnes. 

P = The number of passengers *) . , 

^ ^, , -^ ... 1 1 ?• earned per annum. 

T = The number of tonnes of paying-load ) 

U =s The kilometric cost of line-maintenance and supervision. 

Z = The tractive-force, in tonnes, of the locomotive. 

a =s The expense per engine-kra. per tonne of tractive-force exerted — or 

a = The part of the coeflScient of resistance, ti^ = a + 6 t;*, independent of the velocity. 

h = The load-coeflBcient — that is, the ratio of the gross load (exclusive of engine and tender) 

to the paying-load— or 
'h s The coefficient of v^ in the expresison for the coefficient of resistance, as above, 
c =: The coefficient of curve-resistance, 
6 =s The coefficient of the maximum gradient in the expression for the cost of braking per 

gross tonne-km. 
f = Way-expenses per gross tonne-km. 
g = Acceleration due to gravity. (= 9*8™.) 
h = The height surmounted on a gradient.. 
{ s= Rate of interest. 
{ = Length or distance in km. 
m = Width of gauge, 
r t= Curve-radius— or 
r = Ratio of the volume of traffic in the direction in which it is less to that in which it is 

greater. 
8 = Ruling gradient 
s^ ss, Non-injuiious gradient, viz, < w. 
«j = Injurious gradient, viz. > w. 
«2 = Equivalent gradient. 
V = Speed of train in m/sec. 
to s Coefficient of resistance of train, 
g = Coefficient of engine's tractive-force, 
a = Central-angle in degrees of a curve. 

a^ = „ „ „ „ „ „ on a non-injurious gradient, 

^ttj ss „ „ „ „ „ „ on an injurious gradient. 



Erratum. 
The Commercial Trace. 



P. 6. Eqn. (2). For ~ read - 
c c 



SECTION I. 

THE WORKING-EXPENSES OF RAILWAYS AS INFLUENCED 

BY THE LENGTH, CURVATURE, AND GRADIENTS 

OF THE TRACE. 



Kg. 1. 




INTRODUCTORY, 



The determination of the Cominercial Trace is based on a consideration of the traffic- 
movement conditions, and assumes a uniform horizontal surface of the ground. When such 
a trace is next considered with reference to the working of the traffic thereon and to the 
configuration of the ground it undergoes changes more or less considerable through which 
it becomes the Technical Trace, 

Amongst the conditions affecting the worlrillg, exclusive of the volume and kind of 
loads to be carried, the type of vehicle and the moie of employment of the motor-force 
are of capital influence on the form of the trace. 

The conditions affecting the ground whiah hjave to be taken into consideration are :— > 

L The Sliape of the ground. 

This may be represented by a plan on which horizontal points at fixed equal vertical intervals 
are connecteJ by continuous lines termed Contour Lines, or horizontal curves. 

If on such a plan lines are drawn cutting each contour perpendicularly we obtain 
the lines of maximum fall or steepest ascent, which if continued indefinitely across country 
form a series of alternately rising and falling lines. By joining the upper points of 
curvature of adjacent lines of steepest grade we obtain the watershed line or "divide'; 
and, similarly, by joining the lower points of curvature, the valley- line or Thalweg. 

The longitudinal section of a line of steepest descent exhibita in the immediate 
neighbourhood of the valley— Fig. 1— the river-bed, a, with its banks ; and immediately 
adjacent to these, and slightly assondlngtiie valley bottom, b, which is bounded by the upper 
shore, c, from which latter tte sides or declivities, d, of the valley rise, usually becoming 
8teei)er the higher they rise. Ilie valley -sides as they ascend are frequently cliffs, and form 
the border or edge of the valley, e. Still higher up we have the crest, /, usually more 
flatly rounded, rising up to the watershed. The general form of valley as above described, 
of course, rarely occurs with all its parts clearly marked. 

Valleys from their upper ends where they stirike a watershed down to their lower 
ends where they debouch into a larger valley or on to the shores of a lake always have a 
descent decreasing in degree from the higher to the lower end. Within this general regularity 
there are flatter sections or steeper falls which form steppes, rapids, or waterfalls. Sometimes 
valleys rise for small distances in their general fall and so form lakes. 

Watersheds, also, fall longitudinally from above downwards but much less uniformly 
than valleys, often forming a series of rising and falling lines. 

The lowest depression in a watershed is variously named, according to the locaj 
usage, a Pass, Saddle, Col, Furka, Scheideok, etc. : and the highest elevations are fancifully 
named according to their shapes, as Summits, Crowns, Peaks, Crests, Eggs, Horns, Cones, 
Points, Needles, Pics, etc. 

The area bounded by watersheds and which is drained by a definite water-course is 
called the basin or catchment area ; and according to the importance and size of the water- 
course it is either a river or stream basin. The largest catchment area in Europe is that of 
the Volga which has a length of about 3,400 km. and an average width of 500 km. or, say, 
an area of 1,700,000 q- km. 



The rLsings of the groimd classified accord in f^ to tlioir liaiglxt, are termed, Elevationa 
(up to 150 m); Hills ( 150 to iiOO m) ; Mountains {above 300 m) ; and the vatlejSj according 
to the heights of their surrounding watet'sheds^ are lowland Yalleyi; MU- valleys or mountain 
valloya ; or accordiog to their shapesj Ravines, Eifts, Canyons, Clefts, Troughsj Beeks^ etc. 

Adhering approximately fco the ahove graJaiiona of ria© (i.e*, from under 150 tn, 
between 150 m to 300 m^ and over) we distinguish low-lying plains, middle-plain?, and high~ 
lying plains; and further plains, hilly districts, and mountain regions. If within the Bame 
limits ol height, the formation of the ground continues nniform over a large area, say above 
5,000 q* km. it is termed a Phvteaa or Table-land; and we diBtingui&h low^ middle and high 
table-lands. 

2. The geogno&tic cliiu'acter of the ground. 
The geogoostic investigation of the ground should not extend merely to the determination of 
its geological character yielding in Formation as to sources of building material and to the 
determination of the varions kinds of rock and earth ; it should also be directed to aaeer- 
taining the bearing power or support that the soil can afford, its resistance to climatic 
disintegrating infiuences, its capabilities as regards drainage and excavatabibty; and the 
examination should further be directed to ascertaining the strike and dip of the strata. By 
the strike is meant the direction of the imaginary horizontal contours of the outside or eittermal 
surface of the strata; and by dip, the inclinfition with the horizon of the imaginary lines of the 
Steepest descents* 

With regard to the excavatability or cohesiveness of soils, we distinguish 

(a) Loose earth, capable of rolling, and which can be excavated with the shovel 
or after breakiug up with the pickaxe — such as Band, gravel, rubble^ 
clay, light vegetable and field soiL 

(6) Light or soft earth, which can be loosened with the spade and remov^ed in 
pieces of considerable size such as fat vegetable earths, loams, etc. 

(c) Stuff requiring crowbars, pickaxes or wedges to detach it, for example, marls, 
indurated clays, conglomerates, consolidated gravels. 

{d} Material requiring the use of explosives — including, beside rock, dense and 
firmly-sticking stuff. 

When determining the resistance to detachment, that is, the cohe^iveness or bearing 
power of different kinds of ground, it is to be particularly examined whether landslips are to 
be expected. Landslips may arise from one of two causes ; either the stability of the ground 
has been injured by the entrance of water and has become semi-fluid; or, an incumbent 
mass, which in itself may have great stability, may slide on the inclined surface of a stratum 
permeable by water and which by the infiltration of water has become slippery. 

Finally, the examination of the ground is to bo directed to the discovery of building 
material, such as quarry -stone, sand, gravel, etc, : although it is only exceptionally that this 
has any influence on the position of the trace, 

3. Climate and Weather. 

As a rule it is only necessary to examine how the trace lies with respect to the sun, and whether 
it is exposed to frequent cross-winds or snow-drifts. In mountainous regions these points 
acquire importance because there it has to be ascertained in advance what difficulties and 
obstacles threaten the working in winter of the open-cut line ; where and to what extent 
avalanches occur ; and whether showers of rocks and stones due to frost and weathering are 
likely to occur. 

4. Hydraxilb conditions. 

The height of the highest and lowest level of the ground-water : the low, mean, and high-water 
level of rivers and lakes, and their highest navigable levels ; also the maximnm volume of flow, 
flood-velocity^ and flood- area are most important points as regards the position of the traco. 
In mountainous regions torrents and their cones of deposit and moraines demand ospecial 
attention. 



The Tolome of flood-water depends on the size of the ciKt61une&t area. For Noxtli-^ 
west Germany^ for example^ it may be assumed per q. km. per second, somewhat as follows : 

In the neighbourhood of the source : high water^ '25 to '35 cm. : low water^ *0025c.m. 

In mountains : high water, *20 to '35 cm. : low water^ '002 cm. 

In hilly country : high water, '16 to '18 cm. : low water, '002 cm. 

In plains : high water, '10 to '15 cm. : low water, '0015 cm. 

The character and position of the water-ways often compel an alteration in the 
position of the trace, both in plan and elevation, with a view to obtain the best position for 
bridging ; also to avoid repeated crossings, or the crossing of a flood-area. 

5. The Economic exploitatioili «.e., the culture of the surface of the ground. 

The position of the trace may have to be altered in order to avoid traversing valuable plots of 
ground, especially where built upon, or to avoid meeting churches and graveyards, or to avoid 
dividing-up and separating property. In addition, there is the location of the protective 
cuts — against fire — ^in moorland and forest to be attended to, although this would rarely be a 
reason for altering or modifying the trace. 

6. Relation to lines of commnnication. 

The volume of the traffic on the lines of communication crossed — ».6., Cart roads, water-ways — 
and the paying-load in both directions thereon as dependent on their grades haa to be ascer- 
tained. This is required in order to decide the question whether crossings are to be made at 
rail-level, by an over-bridge, or by an under-ground passage or tunnel ; and>what gradients and 
approach-ramps are necessary. The lines of communication met with will frequently cause 
the trace to be raised or moved sideways ; and will determine the position of stations. 

Further, the necessity for making parallel roads— which bunch unimportant Cart 
roads, etc., crossed by the trace — ^is to be examined. 



§ 2. 

Analysis of Cost of Construction and Working Expenses of 
Railways for the problems of location. 

In order to gain an idea of the inflneDce which the vehicle and the features of the 
ground^ just discussed, have on the position of the trace vre mnhi determine how the traffic 
working-expenses depend on the length, gradients, and cnrvatnre of the line. 

In the official Statement of the Workings Expenses of Prussian Bailways the dis- 
bursements are distributed under 3 heads, viz. : 

General Administration : , • 

. Way and Works : 
Transport. 

This grouping of the working-ezpenses is useVss for location pnrposeB ; they must 
be distributed under the following heads, of which the 8 last jgroups only concern our 
subject, viz, : 

!• General-^ which are independent of the volume of traffic and of the length, 
gradients and curvature of the trace. 

2. Etation^which comprise all expenses in connexion with the collection and 

distiibution of the traffic. These expenses therefore increase with the traffic,' 
but are independent of the character of the trace. 

3. Way and Works or Road— -which include the interest on the capital cost 

of the line — exclusive of stations and all extra-ordinary works of art — and 
the ordinary mainlenavce and supervision expenses of the line between 
stations. Only those expenses are to be included under this head which 
can be regarded as increasing directly with the length of the line. Thus, 
all the outlay on the Major bridges and road crossings, which are requisite 
whatever the location of the line, also protection-works and such like 
extra-ordinary outlays which are independent of the length and position of 
the line or of the volume of the traffic, are to be excluded* 

Finally, the wear of rails, which is dependent on the traffic, is to be omitted. 

4. Train or mnning.-— These expenses are to be kept distinct for goods- and 

passenger-traffic and are to be evaluated on the basis of the tonne-km. and 
the passenger km., respectively. They are independent of the gradients and 
curvature of the line, but increase directly with its length and with the volume 
of the traffic. 

5. Traction or Motive-Power— dependent on the volume of the traffic, on the 

length of the line, the gradients, and the curvature. These expenses are to 

be evaluated per locomotive-km., and in them the wc ar of the rails is to be 

included. 

'J'he Kum of the last 3 items gives the expense ot the service, i.e., the net cost of 

working the traffic, which is to be taken as a guide in locating the line, because they are 

the items of co?t affected by changes in the length, gradient, and curvature of the trace. 

Thus the cost of general administration, major bridges, over-bridges, tunnels, protective 

works, etc., being indispensable whatever the shape of the trace may be, are omitted, also tho 

station expenses, cost of loading and unloading of vehicles) train-staff expenses, ticket 

distribution, luggage and goods management ; and finally, the expenses due to halts of trains 

at stations, and the starting of trains. 



Way and Works or Road Expenses. 

The roadies pensea^ excluding stations and alt major works of art, eomprlse %ho 
cost of land, co^t of earthwork and culverts, minor bridges, road-crossiogs and retaming 
wallSi permanent-way, fencing, telegrapli, signals, and hats of sorts; and in any particular 
case will be easily deterratned hy means of an estimate- For the Prussian Railway 
System in 1874 these expenses amounted to 134^000 M, per km. From amongst the items 
ia the official Statement of tlie EesuUs of the Working of the Prussian Railways — 
just publiished* — only the average gross som per km* of the construction-cost is obtainable^ 
and this according to the *' Report of the Working of the Prussian State Railways for the 
year 1885-86,*' amounted in tbafc year to 277^752 M. After deducting the expenses of 
stations and extra-ordinary disbursements and the cost of the roUing-stock there remaiiiB, ap* 
proximately^ 140,000 M. as the expense per kra, of road, the iuterest on which at, say, 4% 
amounts to 5,600 M* per annum. 

Similarly, the cost of track-maintenance and track -inspection per km. of the lino 
between stations!, including the through track in stations, can only approximately be distin* 
gnished in the data supplied by the Railway Admijistrations. 

We may assume that of tlie total disburfiements of the Administration on staff, for 
office-con tingenoiesj heating, lighting, for substitute-service, &c., for large outlays due to 
force maJHure^ and finally for telegraph*^ and signals and accessories, which in all amounted 
to 30,442^200 M.— 75% or 22,83 1 >G50 M., is to be charged to the account of the line between 
stations. 

Of the expenses incurred for major supplementary works, completions, extensions 
and improYements, one-half, or 4,365,723 X 4 = 2,182,801 M,, is to be debited to the line 
outside stations* 

The cost of rail-renewals only comes into account in determining the cost of traction 
or motive-power, and consequently does not appear here. 

Sloeper-renewals cost 13,447j81'iM» ; and the total length of the track betwe^i 
stations plus the portion of it lyiug within station limits was to the length of sidings as 3 to I. 
If we assume that the cost of maintenance of the sleepers in sidings was only half as much 
as that on the main line, we obtain as the outlay on sleepers in the line between stations ai 

J X 13,447,813 = 11,626,697 M, 

To the items thus obtain'sd, via,, 22,831,650 + 2,182,861 -|- 1,152,6&7 = 36,541,208 M. 
there is to be added the disburseraeuts for the maintenance of the line between stations 
specified in § 13a of the above cited Statistical Eettirn, viz. 23,538,424 M,, whence we obtain 
a total of 60,089,632 M. 

Since in the year under notice (1885-86) there were 21,089 km.^ of track operated, the 
expenses for track-maintenance and supervision amount to an average of 2,850 M< per km. 

The cost of General Administration was 11*6% of the other disbursements on thd 
working of the traffic; so that adding this percentage, the cost of line maintenance and 
supervision is increased to 3,180 M. per km.t 

In the following investigations the road expenses will be represented by (7, the 
kilometric construction-cost of the section or length of line under consideration by J, and 
the rate of interest by v; so that the kilometric track-expenses per km. is 

A i + U. 



[t TliU wuB written in. 1888. TbJ 

• Eftiimeiai<!rt *' Otgan " t 1880, *' Sanuaariacho Vomna^shia^iig d&r Betriebikoiteii i 
ftOD," pn^ iheii« expefi«oa for tlie Friuii&a E&ilwA^ Sjitem, 1S7#» ftt 3^010 M* 
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TABLE I. 
Anilysie of the Cost of the Transport Department. 
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§ 4. 

Running- or Train-Expenses. 

In the Report of the Results of tlie Working of the Prussian State Railways the 
outlay for the receptian and distribution of goods (atation and term in al expenses) ^ the trans- 
port- or train-expenses, and the cost of the motive-power are not shown separately bat are 
tiU lamped together in the expenditure of the Transport Department. In the summariea 
of the several departinents these transport-expenses are separated into 4 groups, viz, (a) for 
outtide station service (i) station and terminal service; (c) train service; (d) locomotive or 
traction expeoses. 

In Table I the cost of the 'j ransport Department of the PmsBian Railway System for 
1885-S6 is distributed in 3 groups I (a) Station and termmal service, (&^ Train or running ser- 
vice, and (c) Locomotive or Traction service, in the proportion they had daring the same period 
in the Hannover District In so doing no notice has been taken of the outlay on the staflf 
employed on ferries, nor for the pensions of former official s, outlay for private telegrams, the 
expenses for illuminating steam-boats and ferries, nor for the maintenance of the latter. 
Abo, the payments for use of foreign lines, stock, and staff, have been excluded because these 
outlays are approximately covered by the revenue obtained from the payments by foreign 
lines for the use of the Prussian lines, rolling-Btock^ and service of their officials. 

Of the items of outlay incident to the train- or mnumg-service amounting in all to 
5'2,09O,081 M. shown in TaUa I the following items are to be charged to the goods- traffic 
and for the accompanying reasons : — 

(1) Lubricating vehicles — In passenger service 1|5I0 million axle-kms., and in goods* 
service 5,087 million axle-kms, were run ; and of this in the case of the axles of mixed-trains 
rrds are reckoned goods-train axles, and x rd as passenger-train axlea, Coosequeutly three- 
fourths of the cost of lubrication of vehicles or 3/4 K 470,030 M. = 357,023 M, is to be allo- 
cated to goods-traffic, 

(2) Lighting of trains — ^th of the total amount (198,820 iL), is^ as an approximate 
estimate^ to be put down to goods-trains; and after deducting 15 % for halts at stations there 
remains for the line between stations 100^000 M, 

(3) Maintenance and renewals of goods- vehicles — ^^th of the ivholo amount for 
goods and luggage -vans is to be deducted^ for the luggage-vans running in passenger- trains, 
thus leaving for the goods-traffic 20,121,810 M, 

(4) For maintenance of the truck tarpaulins^ 375,089 M- 

(5) Of the remaimog disbursements on the tra'u or running fervice tliewagt^sof 
guards, cost of heating of vehicles, maintenance uiid renewals of vehicles incident to the 
passenger-traffic, are to be deducted; leaving 17,636,801 M, This sum is to be divided 
between goods and passenger service in proportion to the number of the trains, viz, one- 
half each. Of the 8,818,157 M* under notice 15 %isto be deducted for halts of trains in 
stations, and accordingly there remains 7,495,428 M, 

(6) To the above iteraa amounting to 23,518»350 M. there is to be further added 
lie %for General Expenses, Le., 3,308,129 M. 

(7) The capital cost of the goods- waggons amounted to 481,322,767 M, the annaal 
interest charge on which at 4 %, is 19,252,911 M, 

(8) The capital cost of luggage-vans amounted to 21,808,957 M* ; and charging one- 
half of this to the goods-traffic there is an item for interest thereon of 436>079 M* to be added. 



From the interest on the capital-cost of goods- and luggage-vans determined undtr 
7 and S is to be deducted not only the part incident to the echedule-halts of the tmtns at 
stations but also a considerable sum for the loss of time in loadiug and untoadiug, in the 
making'up of traios, and iu the nightly stabling of the same; »o that for the running service 

of the section only ^rdj say, of that interest is to be taken into account^ va* 6,502,9^7 M. 

The traui'service in gooda-trjiffic accordingly cost annually 38,389,476 M. dis- 
tributed over 10,866 million of paying tonne-kma., and oonsequently nmounta to '35 pfg. per 
paying tonne*km* 

Since the vehicle-weight per goods-train axle is taken at 2"8> tonnes, i/)87 inilHon 
goods'traffic axle-km. give 14^498 tonne-kma, done by the weight of vehicle. Thus for each 
tonne of paying-load there wa^ r3o tonneSj or roughly 1^ tonnes, of vehicle carried^ and 2| 
tonnes gross-load. The train-service e^tpeuses per tonne-km. gross-load consequently amount 
to '15 pfg*j while per asle-km, of goods-train they are '75 pfg. 

for the pasienger-tnffie we have the following items (or train-rUQZl)Eg expenEes 
from Table I : 

(!) The salaries of guards^ viz, 2j375,t2l M, of which 10 % is to bo deducted iut 
the halts at the traius at stationsj thus leaving a balance of 2J 37,879 M. 

{2) For lubricating veliicles, - th of the whole amount (compare No, 1 of the outlay 

4 

on train-cxpensefi of goods-traffic), viz, 119^008 M, 

4 

(3) For train ligbting ^ths of tlie whole amount (compare No. 2 of the goods train- 
expenses), viz* 705,282 M, from which 10 % is to be deducted to allow for the halts at 
stations^ leaving 715,754 M, 

(4) The cost of heating vehicles, 855,707 M, which when redacd by 10 % for 
&tatit n -halts becomes 77M,lo7 M, 

(5) Oatlay for maintenance and renewal of vehicles — Qjl 10,068 M. 

(6). The ^th part (compare No* 3 of goods-traffic) of the expenses for maintenance 

and renewals of goods and baggage- waggons, allowing for the luggage- vans atttacbed to 
the passengers-trains — 745,253 M* 

(7), The ^oi the other items of outlay (compare item No. 5 goods-traffic) — 

8,818,150 M., of which after deducting 10 % for station-halts there remains 7j936,335 M. 

(8)* To the total amount of these items — 21, 5345431 M. — there is to be added 110 % 
for general expenses, ^iz, 2^497,994 M, 

(^9). The first cost of the passenger-re hides amounting to 107,323,532 M, which at 
4 % gives an annual charge for interest of 4,292,941 M. 

(10). The first cost of luggage-vans amonnted to 21,803,957 M., and half the 
amonnt of the interest thereon is to be allocated to the pissenger-traffic — namely, 436,079 M- 

2 
Of the interest on first cost detailed under (9) and {10), only -^ rds say, viz, 

ti,l 52,080 M,, as the allowance for station-halts is to be allocated to the train-service of the 
section. 

Tlie train-ser\nce in passenger-traffic required consequently an annuul outlay of 
27,185,108 M., which distributed over 5,033 million passenger-km* gives * 54 pfg. as the cost 
per passenger-kms 

There was 1,570 million axle-kins, performed in passetigcr-traffio : and since we may 
assume an ayerage load of 44 tonnes per axle of passenger-trains there was done 0,908 
million tonne-kms. by passenger^trains, to that per passenger there was hauled a load of 1| 
tonnes of passenger-train- 



9 

The cost of the tonne-km. of passenger-train service works out therefoM to *405 pfg* 
find cost per axle-km. of passenger-train to 1*75 pfg. 

For the train-service of mixed-trains the cost per tonne-km. of train-load maj bo 
asBomed at *25 pfg. ; and' per axle-km. about I'l pfg. 

In what follows the expenses of train- seryipe per tonne*knL of the gross load of 
goods-trains wiU be indicated by/, that per tonne-km. of passenger-trains by/|, an4 tbo ratb 
of gross-load to paying-load by 6. . 
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§6. 

Cost of Traction. 

In the Traction-expenses^ depending on the grades of the line, are to be incladed 
naturally the Brake-Staff wages likewise so dependent. 

From Table I the outlay for brakesmen amounted to 2^820^167 M. which by the 
addition of 11*6% for General expenses is raised to 3,147,306 M. Of this, after deducting 
15% for train-halts at stations, there remains 2,675,210 M. to be added as the road-ezpenses 
of the section. But this is the outlay on brake-staff only ; the actual outlay in interest on the 
prime cost of the brake installation and its maintenance, for brakes, and for wear of tires is 
included in the train-expenses already determined, and the cost of the rail-wear due to brakes 
is included in the outlay for rail-renewals. These material expenses of braking as distinct 
from the staff expenses ought, strictly speaking, to be separately determined and their depen- 
dence on the grades of the line ascertained. 

According to the " Technische Vereinbarungeu " for goods-trains, on gradients 

of — there is should — th of the axles braked. 
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The total number of axies being N and the stiffest gradient s the number of axlos 
to be braked ig approximately 

n== (5-J--01) 7 N 

and the cost of tho braking may be assumed as increasing in proportion to the number of 
axles braked. As the stiffest gradient, a, on any section of the Prussian State Railway System 

is about 0055, (= jgrJ only a little over Jrd of the number of brakes employed are due to the 

gradients of the lino ; consequently some |rds of the cost of brakes would, as being independ- 
ent of the gradients of the line, have to be included in the train running-expenses. Now 
as the actual amount of the material, i.e. nou-personal, items of the cost of braking cannot 
be determined from the statistical data available, and as these have already been included 
in the train-expenses, it may be assumed for the purpose of allocation that the whole 
amount of brake-staff wages still remaining to be charged is proportional to the stiffest 
gradient on the section. There will be no serious error made in the final result of the caloala- 
tion if the brake-expenses are charged entirely to the goods-trafiic. The brake-etaff cost is 
accordingly to be put equal to e 8 T, where e is a coefficient, a the average value of the 
severest gradient on any section = -0055, and T the number of tonne-kms. gross-load of the 
goods-trains, i.e. 26,354 million tonne-kms. The coeff. e is accordingly about 2 pfg. 

After deducting thebrake-staff expenses there remains over from Table 89,823,788 M. 
for the traction-service, the individual items of which in determining the cost of a Loco. -km 
are to be distributed as shewn in the foUawing Table. 
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TABLE U. 
Analysis of the Cost of the Locomotive-kitt* 



Item of ezponae. 



1. For Guards and Baggago clerks the oatlaj was 3,635,439 M. which is to be dis- 
tribated proportionatelj to the Dumber of train-km. en the nisumption that 
goods-trains cost H times as much as passenger-trains. The nambur of pas- 
senger and ezpross-train-km. 

was ... ... ... ... 71,858,306 M. 

add li times for goods- and mixed-trains ••• ... ... 121,326,856 „ 




Total ... 103,180,162 



•*• expense per passenger-km. » 1*88 pfg* 

and per goods train-km , 1| x 1*88 » 2'92 pfg. 
From this is to be deducted 10°/ot for halts at stations of passenger-trains, and 
of goods-trains 15**/,. and the amounts added to tho Station expenses — 
Thus 1 X -0183 X 71853306 
and -15 x 0282 x 80(^84571 

2. For Engine-driTers and Stokers, there was, including mileage and orertime allow- 
ances, expended 16,204,015 M. which is to be divided by the number of loco* 
motiro-km. performed. Butt it has to be borne in mind that the number of 
kiloms. done by passenger-trains, owing to the smaller expenditure of time, 
costs only irds as much as the other trains. Consequently, we hare for the 
distribution, 

} X passenger*and express- trains ... ••• ... 47,902,204 M. 

Goods-trains, including yard- work 154,986,007 „ 

Total ... 202,888,211 „ 



Consequently, we obtain for tho cost of the locomotire-km. in goods-trains or 
in yard*work, 7*99 pfg. and for the engine-km. for passenger-trains, 5*33 pfg. 

From this is to be deducted for halts at stations 10**/^ and 15**/^ as before, and 
the amounts added to tho Station expenses. Accordingly, 

for passenger-trains 1 x 0533 x 71853306 

and for goods „ '15 x -0799 x 60384371 

Yard-expenses (shunting, sorting, etc.), '0799 x 416S0255 

3. MMntenance and renewals of locomotircs amounted to a total of 29,319,584 M. 

of which }rds, viz., ... J 5.546,389 „ 

may be taken an independent of the performanco of the engines. Since 
according to statistical data the maintenance of engines amounted 
to 257632533 loco-kms. 

therefore per loco-km. we hare ^ 

and of this for yard-work, -076 x 63089700 

4. Other outlays for Staff and materials independent of the work done by the 

locomotive amounted to : 

Salaries of the superior officials ... ... 852,807 M. 

Workshop-managers, etc 4?b,245 ., 

House-rent allowances 2,74\7G0 „ 

Food allowances WO,236 „ 

Substitute salaries 2(8,0*6 „ 

Local and other eitra-allowanccs 22,b'32 „ 

Extra dai?7 allowanccB and travelling expenses 182,844 „ 

Uniforms 345,^*58 „ 

Premiums 202;282 ., 

Assistance, charitable 10,340 „ 

Office contingencies C6.063 „ 

Heating offices 604,223 „ 

Maintenance of records 331,150 i, 

Lubrication and cleaning of locomotives 2,411,184 „ 

General, for tools, etc 283,518 „ 

• Total ... 9,271,878 „ 



This dirided orer 226839313 Engine-kms. gives per km. 

and for yard-service, 0409 x 416S0235 

6 )a thia is to be added tho share of the Gcacral Administration charges @ 

li'C"/0., TIS. ... ... ••• ••• ... ... ... ••• ••• •.. 

Carried over ... 



1-C9 



4E0 



2*40 



6-79 



•CO 



700 



135,084 
842,142 



882,^71 

969,399 

3,330,253 



6,314,826 



4*09 



211 



409 

l,704,3Gl 

2-42 j 1,528,768 
•27,451,955 




j.vm, it tet j0i.m f L 








Xm^ mA^er^/i^ I*, tut M«ur% «c ^ , ^ 

|>i<»«ie lii^ «»ii»vtff ^ ^MAt^Sfftiti «ai furs 

i^ 9'X«Af 4rv. 'Aifw .^ 



7* JSxp^DfM to be >wu» I J M f»opsiftM«S to tU 
iUffM^MTftl of nuk ,., ^ 

Tra^k-Uboor ... — 

Vmrni^mm fur B^riofM ... ^ .^ 

A.4d |rd o# tb« <i«ti«f, for k^w. 



>d4 th« ibar>e of tLe «<]>«>•«« '^ U« G(tMr>2 Ai: 

jf^ ll'M ^ M« «•• ««• '•« «•« ^B^ 



Tbtf girot for tW0m% Wjr>^\m, 29-4 pfg. p«r 
Frmd tlio aboTo 10 to be 4«dact«d for tte 

Mj, 3''.,^ to tbfti ire obfaun ^. 
•od f^r rard'ferrico 

-294 « 41iK«S 




mjMJ» . 



tui^Mact 



ToU 



nOQMTi 



If ih« C'xpenM* which rnrj tolelj with the distance traTeDed and wliieh are wboUy 
iuiU'lHftnliml of ihts fffjwer of the locomotive are B^, per km. and the cost of tlie performance 
hi H U/fiiie-km. U a, ibeo the coft of a locomotiTe-km« B for the ezertioa of a tradiTe^rce 
ofx Umuim, in 

BszB^ + aZ. 

Tlitf avorago trar;tive*power of locomotivet on the Prossian Slate Baflways in 
IHHrpM tmy \m iftken an M5 Uione**^ This figure agrees rery well witb the coal-consomp- 
ijori whicli, isxtiUiding the wood required to light the looomotire, amoonted to 2^191^266 
itmuiiu. Afti'r deducting ri% for halts at stations and for the getting-np of steam there is 
a hnltinm of 2,125,628 tonuoH, According to Wohler** a kg. of coal produces 7-06 kg. 



•ThAAreras* trsoiiro-powor of looonotirof for iba Pnatlsa SIsle BsflwsTS is 1874 was oitiiiislod 
hf me In my work ** Die DiftrlobfkoatoD dor BIfoiibshnoii is fliror Abbingi^nii too doa Voigongi— ssd 
Krtt mfi|iifitf«ritrhiltntM«n dor Hobo " i Uipoig i iDgolouMiB, 1877— somowbAi too Uborrilj aI 1*87 ionnoi. 

MiiliilMor '" l/obor H«Ujf ikooUa oad TsrifbUdnsg d«r doal wibiilli g ibslmsn ": SisllgMt t tmaX V A 1879— 
liof lbl« f aIuo fti 1 as tfinnof. 

lUnmolitir-'^HaroniAriioba ToffSStcblAgnDg dor Boirlobikofton dor Adblrfombsbass*': Oryan /Sr dio 
t^ifUfhfm» tt9§ JVMtfnf/oMii««««nf-doloraiiBOf tho sTotsgo tfsollTs«pow« of loccmol i ? o i on ths Tliwiss fltfthi 
|Ullirt/f, 1H77. SI I'l» toBsoi. 

••Im Ctntralhlali dtr Uawf^rwaliung i X888. Ho. 40, 
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of steam ; and according to Prof. Franlt^ 1 kg. of water produces in a locomotive 17^254 m-kg« 
of work : so that 1 kg. of coal produced 

706 X 17,254 = 121,818 m-kgs 
or I tonne of coal was consumed in the performance of 121,818 tonne-kms. 

The 2,125,528 tonnes of coal consumed in locomotives gave consequently a per- 
formance of 259,116,940 tonne-km.; and thus for 226,889,813 loco-kiloms., a mean tractive- 
force of 1*14 tonnes. The tractive-force of course is that requisite to haul the locomotive itself 
and to overcome the frictional resistances of its machinery. 

From the mean tractive-force of 1*15 tonnes and from the cost 28*52 pfg. of the 
work done per locomotive-km. g^ven in Table II, it follows that the production of a tractive* 
force of one tonne cost 25 pfg. per locomotive-km. 

Consequently, the cost of a locomotive-km. for a tractive-force of Z tonnes is^ 
for passenger-trains, 

B =x 27 -h 25 Z 
and for goods-trains, 

£ s 32 + 25 Z. 



I , 



[• (" WidanUnde der LooomotiTen und BahnzOge" : 18S6« p. 64.) For an Kngliih Tersion of this work^ aae a 

puEiphlet bj the preseiifc translator: On the Besistance of Looomotires and Trains .determined ezperimentallj. 

Hig^botham: Madras.] 

4 
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§ 6. 
Station and Terminal Expenses. 

Thefitatianand Terminal/ i.e.^ collection- and delivery, expenses have no connection 
witht the problems of location and theref6re do not call for any detailed investigation. 

They amounted according to Table I to: ... ... ... 78,047,208 M. 

* '' - pliis. — the share of the expenses of General Administration at 

" ^ ii-b5^ ... ':.:' ' ... ... .;. ... 9,048,476 „ 

plus. — the amount deducted from the Train-expenses^— in § 4 — 
; forthetraiu-halbsatstritrons' ... ... ■ ... 17,6tr>,228 „ 

plus. — the amount deducted in § 5 for the Traction-expenses . 32,002,573 . „ 



Total ... .136,738,485 M. 



From the statistical data available it is scarcely possible to distribute these expenses 
accurately between the goods- and passenger-traffic. Baumeister estimated the Station and 
Terminal expenses at 15'28 pf. per person, and at 69*98 pf. per goods-tonne ; but in this are 
not included the shunting apd marshalling expenses which he treated and charged as road- 
expenses. In the year 1885-86 on the Prussian State Railways, there were moved 161,812,362 
persons and 80,406,992 goods-tonnes and on this basis the Station and Terminal expenses 
would amount to 85 million M. — almost exactly the total of the Terminal expenses given in 
Table I, with the addition of 1 1 '6% for the General Administration expenses. 

2 
Accepting the unit-figures determined by Baumeister, ^ths of the total amount of 

the Station and Terminal expenses are incident on the passenger-traffic, and -^ths on the 

goods-traffic. 

If the Station and Terminal expenses given in Table I are distributed in this 
proportion, adding the corresponding share of the expenses of General Administration, and 
also the amount deducted from the train-expenses in § 4 for the halts at stations and 
if the Station expenses given in Table II (arising mainly from the shunting-service and 
the halts at stations, which is particularly the case with the goods-traffic), are divided in the 
proportion of 1 to 10, then of the total Station and Terminal expenses, 29,802,171 M. are 
incident to the passenger-traffic, and 105,936,314 M. to the goods-traffic. For the given 
volume of passengers and goods moved we obtain the Station and Terminal expenses per 
head as 18-4 pf. per person and 122*6 pf. per tonne-goods. In these figures the interest on 
capital cost and the maintenance-expenses of stations are not included. 

But attention must be directed to the fact that a distribution of Station and Terminal 
expenses made iij this way per person and per goods-tonne cannot lay claim to any high 
degree of exactilude. 
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i7. 
Train-Resistance. * 

The well-known experiments of Venillemuii Dieulonne, andGuebhard on the resist- 
ance of railway trains carried out in 1868 on the Extern Railway of France are well known 
and have frequently been made use of in theoretical ^discussions. The formulas representing 
-the results of these experiments involve in an unsatisfactory and misleading manner the first 
power of the train-velocity multiplied by a coeflScient which increases with the velocity. It 
is now generally admitted that the influence of the velocity Fin train-resistance can only 
enter in as the second power ; and accordingly the results of experiments on the resistance 
of traiiis.have almost universally — especially by German engineers— been represented by an 
expression of the form, 

w = a -^ bv* 

In certain earliei^ investigations I deduced the well-known ei^pression, 

u; = -0015 + -00003 u* 
V being in m/sec. 
Baumeister arrived at almost exactly the same expression : he obtained 

ii; = -0018 + -0000023 1;* 
v being in km /sec— or 

w == -QOIS + -00003 v« 
1^ b^ing in m/sec. 

Subsequently, I became, convinced from the results of the experiments of the above 
French engineers — which give only the resistance of the vehicles exclasive of the locomotive 
— that the influence of velocity had been too highly estimated, and I concluded that it 
was nearer the truth to put for the whole train, including the locomotive, 

ir = -002 + -00002 r* 

The experiments made by Frank * ^ support the opinion that in these French 
investigations too much weight had been given to the influence of velocity. 

Frank found for the resistance of a passenger-train on a level-straight — putting 
L = the weight of the locomotive and tender : 
- Q rs the weight of the train : 
IT J IT, = the coeflicients of resistance of locomotive and vehicles, respectively : 
P^ = the frontage of the locomotive exposed to the atmosphere in q. m(D*«): 
F2 = the frontage of the remaining part of the train in D* : 
V = the velocity of train in metres/second : 
that 

W = 1-033 [u^i L + 11^2 <^ + '1225 (F^ + i^g)!;^ + 3lJ 

in which L, Q, and W, are in kgs. 

The frontage or air-resisting area of the locomotive Fi may be taken as = 7D*", 
and F2 for luggage-vans = I'lP"^ and for every succeeding one, = Ob^^. 

If n is the number of vehicles, including the luggage-van, then 

Fi + JF'a ^ 8-2 + -5 n. 

Since the weight of a vehicle in a passenger-train is on an average 8800 kgs., then 

«= ggQQ; and therefore 

F^ + F^^ 8-2 -f- -0000568 Q. 



[• Vide Appendix B.— Tb.] 
[ • • See ; " On the Besistance of Trains determined ezperimentollj." Higginbothnm, MadrAa.J 
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The coeflBcients of resistance were fonnd to be 

w^ = '0032, and 1^2 = -0025. 

Conseqcentlj, inserting these values 

IV— -003806 L + -00258 Q + (1-038 + -0000072 Q) v^ + 31. 

For the locomotive alone the resistance-coefficient is consequently 
«, = -003306 + 1^+^^*: 

or, for tne average weight of a passenger-locomotive of Zi = 54000 kg. 

w^ = -00388 -f- -0000192 r«, 
whereas the resistance-coefficient for the train of vehicles alone is 

u;2 = -00258 + 0000072 1;«. 

If the vehicles are m times the weight of the locomotive, then the average resistance- 
coefficient for a passenger-train is 

« - .00258 + -^ + ('•0000072 +*^2y 

For passenger- vehicles m may usually be taken as s= 2, so that the resistance-coeffi- 
cient of passenger-vehicles becomes 

t(; = -00301 + 0000112 t>« 

3 

For express-trains, on the other hand, m = ^ thus 

k;= -00310 + -0000120 1;« 
For goods-trains Frank gives the expression 

W=l'Oi[w^L + WiQ + -1225 (-Pi + F^) r« + 50] 

in which w^ = -0038, W2 = -0025, and F^, the locomotive's fore-end area, = 8, and of the 
succeeding goods-vehicles, 1-7, and for the rest of the cars on an average, = -6 : so that for 
n vehicles 

i^^j + JPj =9-1 + -6n 

and since the average weight of a gcoos-vehicle may be taken at 9800 kg.,, then 

F^ + F^ = 91 + -0000612 Q. 
Consequently, 

W = 003952 L -f- 0026 Q + (1-149 + -00000078 Q) v^ + 52 

and accordingly the resistance-coefficient for the locomotive alone, if the average weight of 
a goods-locomotive be taken as 60000 kg., is, 

w^ = -00482 + -C000192t;« 

and for goods- vehicles, 

Wj = -0026 + -0000078 v«. 

If the weight of the train be m times that of the locomotive, then the. mean resistance* 
coefficient for the whole trains is 

«, = .0026 + •0222? -H (•0000078+?^^) ,«. 
1 + m \ 1 + m/ 

On an average for the Prussian Kailway System m = 6 say, then for goods-trains 

w =: -00292 + 0000094 1;^ 
Thus f or t; = 7, ti7 = *00838. 

On lines having stiff gradients both m and v become smaller, for example — m on moun- 
tain railways for a grade of *02o falls to 2), and t; to 8^; so that the resiBtance-coefficient 
w = *00337. Thus for goods-trains the resistance-ooeffloieiit for flat or nndulating regions 
is the same as for mountainous districts, which is a fact of importance for the simplification 
of our calculations. 
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Although the train- weight of Passenger-trauis on raountam Haea dinunislies/it doe« 
not do BO to such a degree that with the necessarily occarring reductioa of velocity the 
resistance-coefficient has the same value as in level or undulating districts* But since, as 
will be subseqnently showOj the passenger-traffic is of much less importance for the location 
of the trace than the goods-traffic, the resistance-coetticient for Passenger-trains may be 
taken without error as indentical in hilly ground and in flat or undulating country. 

The resistance-coefficient is thus on the level-straight for the average train-weights 
on the IVusBian Eailway System, as follows: 

For Goods-trains, 

w ^ -00292 + 0000094 i?« 
For Pasganger-trains, 

«; = 00301 + 0000112 «;* 
For Express-trainsj 

to =00310 + '0000120 i;* 
These formulae— which for velocities of 7™, 13^ and 18™ give resistanoe-coefficienta of *00S38, 
*00490, and 00099 respectively — can be comprehended with sufficient accuracy in a uniforM 
formula valid for all kindii of trains within the limits of the ordinary velocity of each; vi^., 

w = 00273 f 0000131 iK 

This expression gives for the above velocities of 7", 13« and 18" the valu^ of ic = *00337j 
'0O4J4, '00697 respectively. 

But since the velocity of trains is not uniform the average resistance is greater than 
that corresponding to the arithmetic mean velocity. For example, if on a journey of length I 

the velocity on y^ ^^ t ~^ actually is the case mor0 or less at the starting and stopping of the 

trains,— and —on r-$ and finally w on 'I l^ then the value of the mean velocity v is given 
4 lb I o 

by the Eqn, 



I 
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2 4 7 

and the train -resistance in the several sections depending on the velocity would be 

. ■ ■0000131 [i (I)'. '.(LO'.IM (•/)'] 

= -0000131 X 1-218 u« 

^ -000016 r^ 

The discrepancies from the mean velocity, which have been assiinied by way of 
example in the above calculation, arise in a greater or lesser degree from the starting and 
stopping of the train and from the influence of the gradients; and everything considered, 
they warrant our putting the coefficient with which the square of the mean velocity v is to 
be multiplied in most cases at '0000 10, 

In addition the wind produces an increase of resistance. For a wind velocity v^, 
that part oE the resistance-coefficient dependent on the velocity is increased in one direction 
to "OOOOISI (tJ + t?i)*j and diminished in the other by 0000131 [v — vj* ; or on an average 
by 0000131 (i^* + i'i^). The reaistance-coefficient thus becomes increased by *0000131 t;^^ 
If also the wind blows against the train perpendicularly with a velocity v^ then it produces 
a pressure on the side surfacea per q.m. of 1225 t?^* which| for a coefficient friction of 

^, gives a resistance of -0204 Vj^ ', 

Assuming that 2 q.m. of train-surface are equivalent to a lonne of train-weighti the 
increase in the resistance-coefficient due to a side wind is thus '0000408 v^^, 
S 
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If it be assumed that ordinarily a wind of 1 m/sec. velocity blows both in the direction 
of the train and also right across it then the constant part ot the resistance-coefficient increases 
by -0000181 + -0000408 = -0000539, or roughly, to '0028. 

Consequently^ from the above^ the resistance-coefficient of trains is 

w = -0028 + -000016 t?*' (1) 

And therefore the resistance-coefficient for Goods-trains of which the mean velocity is 7^., 
is to be assumed as 

w=z -0086. 
and for Passenger-trains at a mean velocity of 18"*, 

tr = -0055; 
and for Express-trains at a mean velocity of 18"*, 

v> = -008-. 

The mean velocity is to be determined excluding all kiilts at stations, t\a., for the 
journey from station to station. 

The increase of train-resistance iti curves. As is well known very niany experi- 
ments and theoretical investigations are extant without up to the present providing any 
generally recognised valid results. So many variables enter into curve-resistance that in 
general it is impossible to take account of them aH. 

The most suitable and satisfactory expression for 'the curve-resistance coefficient 
is given by the very simple formula of von Kaven and BaumeiBter, viz., 

1 



^=5 



where R is the curve-radius in metres* 



If the central-angle of a curve be cx^ and R the radius in metres}- then X the lengtli 
of the curve in metres is 

X= 0000175 aU. 

Consequently, the work to be done in overcoming curve-resistance in the haul of ti 
tonne is— in tonne-km. 

cX =^-0000175 a i{ 

= -oooensa 

or approximately, = '000018 a 

ThnB for location pnrposeB to determine the power required to overcome onnre- 
roBistance it is only necoBsary to know the Bnm of the central-angleB of all the cnnres^ 



1*7 * 
(1) In pierioni iavaitigatioiis, initeftd of the Above, I gare ^ ~ 7 " "^^i which if fairlj saftisfftotoiy for Tilaei 



of B between 860n uad eoO", but for itnaller end Urger Tnlnae this fosmola ii km is w^pnmmni With ezperimeat 
than the Above simpler one. 
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The Tractive-Power of the Locomotive. 

. , -Hie tractiye-force tl^tt.the locomotive is capasble? of lexerting is 'limited by the amount 
of the slidiog friction or " adhesion '' of the driving-wheels on the rails^ or by the steam- 
prodaoing power of the boiler, or by the dimensions of its machinery. 

Let L = the weight of the locomotive and tender ; * 
a £ ts the weight on the driving-wheels ; 
fi =s the coefficient of (sliding) friction between wheel and rail ; 
then the locomotive's maximnm tractive-force is 

If the steam-prodaciog power of the boiler be univalent to N horse-power^ when 

and if the velocity to be attained is v m/Bec., then the maximum-tractive force exertable is 

Z = — n L. 

If the piston-area be -^, the steam-pressnre p, the degree of cut-off be a, and the length 

of the piston-stroke h, then for one revolution the work done in both cylinders is 

a p hd^ ir 

dnring which the locomotivei for a driving-wheel diam. D, has travelled a distance ir D : 

whepce the tractive-force of the locomotive is . 

Z = aphd^ 

U 
For example : if cK « 55 cm. "A 

AN- 60 cm. 
' r. ,«^ Ml»en Z - a 15126 kg. 

D« 120 cm. j 

f) « lOkg/q. cm. J 

4^ a matter of fact^ as these data chosen simply as examples clearly diew^ it is -vesj 
rak-e)^ that the tractive-force is ever practically limited by the dimensions of the locomotive. 

The cofficient a may vary between I and *2 according as all the wheels of 
the locomotive are coupled^ or whether *there is only one driving-axle. And since the 

coefficient fi in flat ground may be taken as ^ to •=• ^ in hilly land aAd ^lountains as 

-=f in tunnels as -g^^ or in unfavourable circumstances only at yry the frictional resistance 

will limit the tractive-force to between 1 x -g ^^^ 5 ^ To ' ^*™®^y *^ something between 
•167 i and -02 L. 

The number of Horse-Power — the weight of the locomotive being given in kgs. — may 
be assumed as K)06 L, i.e. n L. The production of steam will therefore cause the tractive-force 
to rise to *15 L for a velocity of 3 m/sec., but will cau^e it to fall to *02 L for a velocity of 
22*o m/sec. 

If z being the tractive-force coefficient we pnt, 

Z^zLy ' 
then under the influence of the production of steam and the f rictional-resistance of the 
driving-wheels on the rails, z may vary from *02 to *I6, and in any given case'tiie smaller 
of the values pbtained under the above two conditions is the one to be used for the tractive- 
coefficients in calculations. 



-f- 



[• i,e^ % Tftsk engine— Tb.] 
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§8. 

Ruling-Gradient: ''Injurious'' and "Non-injurious'' Gradients. 

Let Q be the weight of all the vehicles forming a train, 
L f, that of the locomotive and tender, 
fjD „ the resistance-coefficient of the train, 
s ,, the gradient of the line; ■ .-. , 

•then for the ascent the tractive-force required is 

Z^(Q+-L){w + s) 

To determine the weight of train which a locomotive having a tractive-coefficient » 
can haul up the incline, we have 

a L as (Q + L) (u7 + *) 

whence Q = : L 

This gradient, Sy which serves to determine the weight of train haulable is termed 
the ruling gradient. 

Usnallj, the steepest gradient in the line is the ruling gradient. But steep ascents 
when short may be disregarded in determining the weight of trains haalable up an incline 
when they can be ' rushed,' viz., mounted by making a call on the momentum of the train. 

When curves— of which the resistance-coefficient is c — occur on the maximum grade 
the curve-resistance coefficient is to be added to the maximum gradient in order to obtain 
the ruling gradient. 

Thus, for example, suppose there were straights on gradients of 012 and durves 
of 300™ radios of which the resistance-coefficient is c = '0033 on a grade of '010. In that 
case, the ruling gradient would be tiie virtual gradient of (*010 + *0033} = '0133, and not 
that of *0] 2. 

The rolinif gradient is thus, leaving aside all ascents of exceptional occurrence 
which may be rushed (i.e., Momentum tirades), fixed from those parts of the line in which 
any grade plus the resiBtance due to any inirve thereon is a maximum. 

On grades which are so flat that in deiscending them the engine's tractive-force must 
be employed, and which are therefore less than the train-resistance co-efficient to, the tractive- 
force required is 

and that required to make the accent, is 

and the mean of this Z ss {^ + L) w, 

viz. identical with that required on the level. 

* bent the loads hauled in both directions are eqnali ascents which are equal to or 
less than the resistance-coefficient v) cost no more to work than the level. 

Those ascents which are less than to are consequently termed " non-injmious " ; 
while those ascents which are greater than w are termed " injurious "• 

For goods-traffic, gradients up to '0036^= 277} ^^^ ''non-injurious;'* but for pa«* 

senger-traffic they may rise to '0055 ( = Tgj )• without becoming "injuriooi*'' 
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The assumption that the traffic is equal in l)otli direclions is aipprolimately trae f ot 
most railways: since the weight of the locomotive and yehicles which nitist^ under any 
drcamstances^ be despatched in both directions form the larger half^ or even frds^ of the total 
load. 

But if the traffic be greater in one direction than the other, then all ascending 
(grades in the direction of the main traffic are ^' injarious " ; while all grades falling in the 
isame direction are not only " non-injurious^" but are cheaper in working even than the level, 
so long as the descent does not exceed a certain quantity. 

How to treat this case will be disscussed later on (§ 14) : for the present we shall 
assume an equal traffic in both directions, which is most commonly the actual case. The limit 
value of '' non-injuriojLia '^ ascents as in general equal to the resistance-coefficient: it may, 
however, under circumstances, be greater or less than this. 

In flat land lines'*^ the ruling gradient will sometimes be less than the resistance- 
coefficient w; and thus this smaller, value becomes the limit of the *' non-injurious" ascents. 
In curves, on the other hand, the limit of the " non-injurious " ascents is increased. 

Thus if c = the curve-resistance, then the tractive-power required for the ascent is 

^1 = (Q + L) (w + « + c) : 
and for the descent, so long as brakes are not required. 

The mean for both directions is thus 

Z^(Q + L) (u^ + c), 

precisely as on the leveL 

Consequently, the limits of '^ non-injurious " ascents when on curves exceed the 
the resistance-coefficient by the amount of the curve-resistance coefficient. 



[• For predM definition, wo f 8S, p. IOQ-Tb.] 
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§10. 

The Working-Expenses. 

The Working-expenses are to be calcalated excluding all outlay for eollection and 
delivery of the traffic and^ therefore^ exclusive of the station and terminal expeDses so that 
only the cost of the actual moving of merchandise is to be considered and this only in so &r 
as it depends on the volume of traffic ; consequently, the maintenance of way and sapervision- 
expenses, being independent of this, are likewise excluded ; and thus the only items that come 
into consideration are the train-or running- and the traction-ezpenBes, 

The cost of a locomotive-km. has been determined in § 5 as 

5 = Bo + aZ. 
Assuming that the locomotive exerts its full power so that the tractive-force is, according 
to § 8, 

and indicating the cost of the engine-km. in this case by B^ so that 

Bj = Bo + azL 

then for a train-weight — excluding the engine and tender— of Q tonnes on a straight and 
level line the working-expenses per tonne-km. is given by 

where /is the cost of transport per tonne-km. determined as per § 4. Substituting the valu^ 
of Bj we obtain 

Equating train-resistance and locomotive tractive-force^ 

(Q + £)tr = «.L. 
we obtain the weight of train hauled as 

w 
And substituting it in the above 

Of the terms on the right-hand side, the first is the train-running cost ; the second, the loco* 
motive-running cost; and the third, the cost of the work done by the locomotive. 

If for goods-traffic we insert the values (§§ 4, 5, and 7),/= 'lo, B^ = 32, a = 25, 
and w = '0036 ; and assume the weight of a goods-train as 60 tonnes and the tractive- 
coefficient z as ss *05, then we have 

fco = -15 + -041 -h -097^= -288 pfg. 
Taking the load-coefficient h — i.e. the ratio of the gross-load, exclusive of locomotive and 
tender, to the paying load, — at 2^ — which corresponds to the actual conditions of working 
obtaining on the Prussian Railways in the year 1885-6 — then the working-expenses on the 
level straight and line per paying tonne-km. amount to '672 pfg. 

For passenger-traffic, B^ = 27, a = 25, t(7 = '0055, and /per tonne passenger-trains 
= *405 : so that for a passenger-locomotive weighing 54 tonnes and for a traction-coefficient 
of '02 the working-expenses per tonne-km. for a passenger-train is 

fc^ s -405 + -190 + -190 = -785 pfg. 

And assuming that 1^ tonnes of train-load correspond to one passenger, the cost of tho 
passenger-km. on a straight and level line is 1*047 pfg. 
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For a flat coantry line in wliich the ruling gradient is a and oh wliich only ^'nqii- 
iojarioos'' descents and carves of resistance e occur^ the mean tractive-power t requisite is 

The cost of an engine-km. is therefore 

-Bo +a{Q+L){w + c) 
and the worUng-expeiises p^r tonne km. on non-injurious grades are 



or insertihg the value 



i^^f+e. + i^±^SQ+M^^±l) 



W + M 



we obtain 






In this equation the first term is the train-expenses; the second^ the cost of the 
use of brakes ; the third, the running-expenses of the locomotive ; the fourth, the cost of the 
performance of the locouotiTe on the straight; and the fifth, the cost of the locomotive's 
extra exertion in curves. 

If ''injurious'' grades ^^ occur in the line of which the ruling gradient is $ and 
in which the curve-resistance is c, then the locomotive-cost for the ascent is 

whereas for the descent where the train is braked, and the engine runs down without 
exerting traction, it is Bq. Consequently, the average value for both directions is 

-Bo + |(C + i)(t^ + 'i +c). 
The working-expenses per tonne-km. on iigmious grades are consequently 



k^zzf+ea + 



Bo + %(Q + L){w+M^+e) 



Q 



And inserting the value ^ ^ ^ ^ 

we obtain 



' -^ L z^to^a z^w-^a 2 z — 10 — • 2 ^' 

A comparison of this expression with that for the cost on ''non-injurious" grades 
shows that the increase of the working-expenses on ^^ injurious" gradients due to curve- 
resistsnce is only half as great as on ^' non-in)urious " grades. This is evident also without 
oalculiition, seeing that "non-injurious" gra'iients require extra* exertion on the part of the 
locomotive, whereas on "injurious" grades this is so only in the ascent. 



If 



§ 11- 

Equivalent Gradient^ 

Tbe working-ex pauses for the whsh Ur^ may be easily determined from the formula 
jast deduced for the working-espenses per tonne-km. on t)ari6ii9 gr<ide». 

The tram-expenses J the expense due to the use of brakes^ and tha locomotive^ rnn- 
ning^Bxpenaes are the same for sections with ** injurious" or with '^non-injorious" grades 
both in straights and curves : thej increase simply with the length of the line^ and for a 
line I km. in length per tonne-km. are 



Hf 



-I- e « -h 



-Ba (*^ + *i 






L{z ^^ w ^ s) 



I 



The cost of the work done by the locomotive oii ttraights on '^ Don-injurious " gradients is 
the same as on the level : and rf l^ is the length of all the parts of the Hue having " non- 
injnrious " grades the cost is 

a % 



K, 



wL 



The cost of the work of the engine on an '' injurious *^ grade #1 oE length l^ per tonne gross* 
load moved is 



#1 I3 






Since » I l^ is the height surmounted on the grade s^ in a length /, — which may be repre* 
seated by hi— we may write 






Now if 1 1 is the sum of all lengths on ^^ injurious " gradeSj and k the total height surmounted 
by them expressed in km.^ then the cost of the engine's performance per tonne- km. on mil 



injurious 



IS 






2 ' %j 

The curve-resistance c\ per tonne for a curve of length X and a central-aDgle or is, according 
to § 7, *000018 oc. On *' non-injurious " grades the cost of the performance of the engine in 
running throt^gh a curve of resistance c and length X is therefore 

az 



3 — W7 — t 



C\ 



or 



*.=, 



az 



-000018 a 



whereas the cost would be only half as great if the curve were on an " injurious " gradient. 
If then the sum of the central-angles of all the curves on *' non-injurious *' gradients = o^ 
and the sum of the central-angles of all curres on " injurious *' grades = ^i then the cost of 
the work done by the locomotive due to all the curves in the line is 

K^ = °' '000018 fa, ^ ^*^ 

We thus obtain the working coat per tonne gross^load moved on the line of length I = ^^ -|* l^ 
on a ruling gradient # as 

or 
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Jn order to simplify this expression, the terms in brackets in the last member has been named 
by me the Tnee-ModvllU and indicated by p, so that we now have 

Bq {*« + ») 1 7 . __atp 



L L (2 — tr — «) J 2 — te^ — « ^ ' 



Baum^ter and Schubler, who have employed the above formula in their investigations^ have 
proposed simplifications of this expression. The former obtains the mean train-resistance m 
from the term in brackets of the last term of the equation : viz. by putting 

consequently 






whereas Schubler determines for the whole line a uniforxjfi straight ascent #, giving the same 
working-expenses as the variably formed trace. 

This uniform straight ascent^ termed by Schubler the ' Representative ' gradient^ 
but which I have named the ' Equivalent ' gradient^ is obtained from the Eqn. 



Vll. 



or 



= [u; Z, + A + -000018 (2 a, + a,] 1 (C) 



where X^ ^^ *be total length of curves on "non-injurious*^ grades, and Xi that on " in- 
jurious '' grades. 

Thus the equivalent gradient is obtained by assuming that the whole length of the 
line { surmounts a height which is equal to the height h surmouLted on all the " injurious *' 
ascents plus a height w l^ representing the sum of all the heights attained on '^ non-injurious " 
ascents supposing they were on a grade it, plus twice the resistance of all curves on 
^' non-injurious '' grades, and the simple resistance of all curves on ^' injurious " grades. 

By inserting the equivalent grade, s^ ^® obtain the cost of the transport of a tonne 
of gross-load over the whole line, viz. 

L 



'=!/+" + n ^-1 }i 



(7) 



Now although the ruling gradient has thus disappeared from the line assumed for the purpose 
of calculation as having equivalent gradient, it is nevertheless to be made use of in fixing the 
loading of trains. It is further to be noted that the equivalent grade for goods-trafiic is not 
iixo same a&that for passenger-traflBc, as the following Example will show: — 

On a railway of 100 km. in leng^ there is 50 km. with grades under '0086 ; SO km. with gradeo 
between *0036 and '0055 sormoanting a height of *14 km. ; and 20 km. with grades above "005$ ncing 
*26 km. In the first group of ascents there are cnrves of a total of 1000^ central-angle ; iu tho 
second groap occur curves of 900^ central-angle ; and in the third group, 600^ of central-angle. 

For a goods-traffic, w - • 0086, lo«*50, l^^SO, h^'4, ao-«l,000,° a, -1500*': 

whence 

,, „j^r.0086X60 + '4 + -000018 (2 X JOOO -f-lSOO) 1 - -oOeiS. 

For passenger traffic, w «= '0055, l^^^, ^ ■» 20, ^ - '26, a^ •> 1900», a ^^ •> eiDO<> r 
whence 

'• " 156 r^^^ X 80 + -26+ -000018 (2 X lOOO + OOO)"] « -0077^. 
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M2: 

Determination of the Traction-coefficientl 

The iDcfease of locomotive tractiye-force obtained by coaplihg the axled enables 
heavier trains to be hauled ; and in this way those expenses of the locomotive which are 
independent of its power exerted are distributed over a greater namber of nnits^ and the 
working-expenses per toune-km. are correspondingly diminished. 

For the average weight of Ooods-locomotiyes, i.e., 60 tonnes, inclusive of the tender, 
the weight of train haulable up an incline of '0036 by such an engine is in tonnes 

^ »- -0036 --0036 ^^ 

. y = — .vrx.^/> . ^x/v^., — oo 



or 



•0036 + -0036 



Q = 8333 z - 60 



If the H.P. of the locomotive is;006 /n or 75 x -C06 Lsz '46 L metre-kgs. then the 
possible velocity in metres per second with a tractive-force z L kgs. is 

^45 



V rs 



The working-expenses on a flat land line which has no " injurious*' gradients 
are, by Eqn. 3, per tonne-km. gross-load. 

32 (0036 + -0036) . 25. z. -0036 



A? = 15 + 2 X -0030 + 



or 



60 {z - -0036 - 0036) ^ z — -0036 — -0036 



...^ -00384 + -09 z . 



For various values of the tnictive-force coefficient we have iu the following Table 
the train-weight, velocities^ and working-expenses per tonne-km. of gross-load. 

TABLE HI. 
OoodB Trains: Flat Land Lines. 



•Namber of Coupled Driving-axles. 


1 


2 


8 


TractiTe-foroe coefBcient ^, .^. 


•08 


•04 


•06 


•06 


•07 


•08 


•09 


Weight of train Q (in tonnes) 


190 


278 


857 


440 


528 


607 


690 


Velocity v (in metres per sec.) 


15 


11'25 





7-5 


6-4 


5-6 


5 


Working-expenses, /, per ton-km. gross-load, in pfennigs.. 


•444 


•834 


•852 

■ 


•882 


•819 


•809 


•861 



In the formula by which the working-expenses given in the above Table are calcu- 
lated no account is taken of the faot that the injurious frictional resistance of the working 
parts of the locomotive, together with its maintenance-charges, increases with the number of the 
.coupled-axl^j nor that with the' increase in the weight of the -trains and of their resulting 
increased length the expense of shunting and the consequent greater length of sidings 
increases the cost of stations. Finally, there ia no account taken of the fact that with the 
consequent decrease of velocity of travel due to the increased expenditure of tractive-force, the 
accruing expense of train-staff and the interest of the capital expended in locomotives and 
vehicles per km. become greater. When all these items are talfen into account the working- 
expenses would diminish faster with the increase of the tractive-force coefficient than the 
Table shews, and would quickly reach a lower limit below which with a further increase of 
the tractive-coefficient they would even increase. It is in recognition of these facts that flat 
land goods-engines have not usually more than 2 coupled-axles, thus ensuring that the 
traction-coefficient remains somewhere between -05 and •025. 
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For a lino in mountainous country of which the gradient is ;Q25, with a jiooomotive 
weight of 60 tonnes and for a tractive-coefficient z, the weight of the train will be 

and the working-expenses per tonne-km. of gross-load will be, from Eqn. 4, 

,-.,.,,,.0,,, 82f0086^-025) ¥ ^ 00036 ^ -025) 

* _ 1& + 2 X 025 + gQ ^^ _ ^gg _ .y25j + , _ .Qogg _ .(,25 pf. 

or 

, _ , -01526 + -3575 z , 
^"^^ s--028tf P^g- 

The following Table giv^s the train-weight, velocity, and working-expenses for 
various values of the traction-coefficient. 

TABLE 17. 
Goods Trains: JfomitaiiL Lines. 



Kamber of Goapled Driying-axlei. 


2 


3 


•10 


' 4 




Traoiive-foice coefBoient 


•06 


•07 


•08 


•00 


•11 


•12 


Weight of train (tonnei) 


66 


87 


108 


129 


160 


171 


192 


Veiocitj (metrei per leo.) 


7-5 


64 


5-6 


5 


4-5 


41 


876 


Working-expenies per tonne-km., in pfennigs... 


1*419 


1174 


1-053 


•978 


•914 


•871 


•846 



For the reasons already given the working-expenses will not decrease with the 
increase of the tractive-force coefficient exactly in the same degree as in the Table. In order 
to avoid a too low velocity on a mountain line having a grade of '025, the tractive-force 
coefficient must be taken at about '10 for goods-engines. 

The traction-coefficient should according tO the preceding discussion increase with 
the valae of the ruling gradient ; and may, taking everjrthing into consideration, be suitably 
fixed, for goods-engines, at 

« = -05 + 2 «. 

On mountain railways the weight of a goods-engine may, of course, be increased 
in order to haul heavier trains beyond the average weight of 60 tonnes. This increase in 
weight will not decrease the working-expenses to any extent worth notice, and the formula 
employed to calculate them will still be valid, since the expenses, Bq, depending on the per- 
formance of the locomotive, increase almost in the same ratio as the weight of the engine. 

For the value of the traction-coefficient is -= *05 + 2 « the weight of the goods-train 
on a line on which the ruling gradient is « is 

•0464 + s^ 



Q 



•0036 +# 



m 



And the maximum velocity up the grade is 



f45 



^"'•05ri-2.« 
From which formula the following Table is calculated. 

TABLE V. 

Weight and Velocity of Goods Trains. 



Buliog Gradient of line . . • 


•0036 


•006 


•100 


•016 


•025 


Weic^t of train ... 


417 


327 


249 


196 


160 


Velocity np-hiU in m/sec. 


8 


72 


6-4 


6-6 


4-5 



For passenger-trains lighter locomotives are employed of an average weight, includ- 
ing the tender, of 54 tonnes, and having a smaller traction-coefficient than goods-engines. 
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Fohr ii line dt which the ruling gradietit is efqnal to the resurtance-coefficient of 
paSBengdr-trains, i.e., '0055^ with a traction-coefficient z the possible train-weight is 

_ z - '0055 - '00 55 
^ "" -0055 + -0055 *"* 



or 



g = 491 I - 54. 

The working-expenses per tonne of the passenger-train are by Eqn. 3, 

27 ('0055 + '0055) 25. g.'0055 



ft = '406 + 



or 



54 (2 - -COoo - -0055) ^ » - '0055 - -0055 ' 
0055 + -1875 » 



fc = -405 + 



«-'011 



The velocity ^ if the H. P. of the engine is put = '006 L as for goods-trains^ is 

^ '45 

The following Table gives the weight of train, velocity, and working-expenses for 
various values of the traction-coefficient. 

TABLE VL 
Passenger Trains. 



Number of Coapled Driving-axles. 


2 


8 




•Traetion-eoeffioient 

Weight of train (tonnes) 

Maximum velocity up-hiU (m/sec.) 

Working-expenses per tonne of train-weight, in pfennigs ... 


•02 

44 

22-5 

1-821 


•08 

98 

15 

•968 


•04 
142 
11-8 

•784 


•05 

191 

9 

•717 


•06 

241 

7-5 

•685 





Since for passenger-trains it is not the haulage of a great weight of train but the 
attainment of g^eat speed that is required^ the traction-coefficient on a line oi the assumed 
gradient must not be taken greater than about *03* Consequentljj one driving-axle would 
suffice^ but usually in order to enable trains to be started rapidly 2-coupled-axle locomotives 
are used. 

For a mountain line having a ruling gradient of *025 the weight of the passenger- 
train haulable is 

Q=177«-64 

and the working-expenses per tonne-km. for such a train will be 

iL-.405 , -01525 + -38125 , 
*- ^^ + z- -0305 

In the following Table the train-weights^ velocities np-hill, and working-expenses 
per tonne-km. of passenger-trains for varioas values of the traction-coeflScient are £^ven. 

TABLE VIL 
Fftssengar TraiiiB: Mountain lines. 



Number of Coupled DriTing-azIei. 


2 


d 


Traotion-ooefBoie&t ... %.. 


•06 


•06 


•07 


•08 


•09 


Weight of train (tonnes) ... 


84 


62 


70 


87 


106 


Velocity np-hiU (m/per leo.) 





7-6 


6-4 


6-6 


6 


Working-ezpenaei per tonne-km. ^. 


2166 


1*968 


1-467 


1*829 


1*288 



In order not to have too small a train-weight and at the same time to ensure that 
the speed shall not be too low^ for mountain lines of grade *085 the traotion-coefliciant may 
be taken at *07. 
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According to the preceding the traotion-coeffioient for passenger-trains is in general 
lo be taken at 

2 = -02 + 2 « 

whence the weight of the passenger-train will be 



•0055 + 8 



and the maximnm velocity np-hill will be 



V = 



•45 
•02 + 2« 



from which we obtain the following Table : 

TABLE VIL 



Billing Gradient, 8 


•0086 


•006 


•010 


•016 


•026 


Weight of train, Q 


107 


06 


85 


78 


70 


Attainable yelocit7 np-hill ... — 


16-6 


14-1 


U-8 





6-4 



s 



80 



Approximate Formulse for tM C^iifulation of the Working-Expenses 

and Cost of the Train -Kilometre* 

If the value of the tractive-force coe£Scieiit of a goods-locomotiye 

z =3-05 ± 2 » 

ifl inserted in the Eqn. 4 for the working-expenses pt the tonne-kin. of grQSB-load-pl goodp- 
trains, and if farther 

/=-15, e = 2, J?o = 8% "<i = 25, L = 60, ti7 = -0036; 

then *••!.. .-.i •!;•. i -c ■ 

j^ ■_ .jg I o , , -(0417 -f -6283 , + 625 (., + c) ..+.25., (,,.,+ c) 

•046 4 + * 

To determine the working-expenses on '* non-injurious " grades put 

«j + c = ti? = -0086 
in the above formula. The following Table is calculated according thereto. 

TABLE TX. 
Qroois Trains. 





Working-Expenses in pfennigs per tonne^km. 


Baling 




Gradient. 


on "non-injuri- 


on "injnrions" gradients and onrres, 




ons" gradients. 


a.+c- 


8 


»0 


•006 


•010 


-016 


•026 


1:00 


•288 


_ 


_ 


^^^ 


_ 


•0086 


•887 


— 


— 


— • 


— 


•006 


•866 


•402 


— 


» 


— 


•010 


•410 


•447 


•609 


—. 


.. 


•016 


•468 


•498 


•668 


•644 


.» 


•025 


•689 


•681 


•661 


•789 


•914 



This Table shows that the working-expenses per tonne km. of gross-l^d of goods* 
trains can be represented with a satisfactory degree of exactitude by the approximate 
formula 

fe = -24 + 10* + 17(ir, +c) (8) 

in which for " non-injurious '' grades 

s^+e = wts -0036 
is to be substituted. 

If we disregard the working-expenses on a line level and straight throughout its 
whole length, which indeed are of no practical importance, then the maximum error introduced 
by using this approximate formula for grades up to '025 is less than 2%. 

For the working-expenses on the ruling gradient, viz. for ^^ + c = «, Eqn. 8, gives 
results identical with the values given in Table IX. 

For Passenger-traffiCi inserting the tractive-force coefficient of the passenger-loco- 
motive 

2 = -02 + 2 « 
and putting /= -405, Bo = 27, a = 25, L = 54, w^ -0065 ; 



il 



then Eqn. 4 g^ves 



I: = -405 4. '^Ip + - 6375^ + -25 », +^) + 25s{s^ + c) 
■*■ " •0145+7^ 

The following Table is calculated from the above formula, ia which e^ + c = w « ♦0055 
ifl to be inserted for '* non-injurious '' gradients. 

TABLE X. 
PaBsenger Trpina. 





HnUng 
Ondient. 


Working- Expenses in pfennigs per tonne-km. 




on "non-injnri. 
oos" grades. 


on ''injurioos" grades and on oUrves 




a 


♦o 


OlO 


•015 


•026 




1: 00 

•0055 

•010 

•016 

•025 


•784 
•893 
•945 
•986 
1^085 


1-087 
1-081 
M85 


1187 
1-246 


1^ 



The "Table shows that here ako the working-expenses may be represented with 
8n£Bcient exactitude hj the approximate formula, 

i=«-73 + 8« + 22(«i +c) (9) 

in which for ''non-iajurioua" grades ia to be inserted 

«j + c = ii> = -0055. 

The maximum error inTolved in the above approximate formula is less than 1|%. 

In the Traffic working-year 1885-86, the ratio of gross-load to paying-load on the 
Prussian State Railways-— excluding weight of locomotive and tender, — namely, the Load* 
eoeffioii&ti fc, for goods-traffic was 2|; so that the working-expenses per paying tonne-km. 
amounted to 

fc = -56 + 23i* -f-39f {*! +c) (10) 

The transport of each passenger is equivalent to the haulage of 1| tonnes gross-load ; 
so that the working-expenses per passenger-km. are 

fe = -973 + 10}« + 29^(*, +c) (11) 

The figures in Tables IX and X multiplied by the train-weights give the cost of a 
tr&in-km. 

* If in the Eqn. between the train-weight, tractive-force coefficient, and the ruling 
gradient, namely 



Q = 



tr -i- « 



s is put s *05 + 2 «i IT s '0G36, and L == 60, then the weight of the goods-train is 



and for 



^ -0464 + f^. ^ 
^=•0036+'/° ^'^^^'' 

f = *02 + 2«, trs*0055, and£s54^ 



3S? 



tke height of a Passenger-train is 

^ -0145 + »., , 

^ = •0085 + , ^^ **'''°*^ 

Employing the tram*weig<lits giren by the above formulae the Tables XE and XII are obiainea« 

TABLE XT. 



Baling 
Gradient. 


Train- 
weight 

in 
tonnes. 


Cost in pfennigs of a goods-kin. 


on "non- 

injarioas" 

grades. 


on "injoriona " grades and in curves 


a 


Q 


»o 


•006 


•010 


•015 


•026 


1:00 

•003(5 

•006 

•010 

•015 

•025 


773 
437 
328 
249 
198 
150 


223 
140 
120 
102 
91 
81 


138 

111 

99 

87 


126 
112 

98 


128 
111 


137 



TABLE Xn. 



Baling 
Gradient. 


Train- 
weight 

in 
tonnos. 


Cost in pfennigs of passenger-kin. 


inTu^ioM •" ^'^ " injurioos " grades and in curres 


9 


Q 


»o 


•010 


•015 


•025 


1 

•0056 
•010 
•016 
*026 


142 

98 
85 
78 
70 


111 

87 
80 
76 


88 
84 
79 


92 

87 


108 



l^OTE/— It must be borne in mind that the costs of the tonne-km.^ passenger^km.^and 
train^km. giren in Tables IX to XII^ and in Eqns. 8 to 10 are simply the actual or intrinsic 
working-expeiises oi the section — ^as required for the economic location of the trace — excluding 
the maintenance and station-expenses; they are therefore considerably less than the so- 
called working-expense data which include these latter expenses. 

A comparison of the expenses of goods- and passenger-trains shows that on a 
straight level line a goods-train would be twice as expensive to run as a passenger-train. 
But on undulating ground only 1} times^ and on mountain lines of '025 grade^ only 1^ as 

costly. 

The weight of the locomotive has, for the purpose of the calculation of expenses, been 
assumed to be 60 tonnes for goods-, and 54 tonnes for passenger-trains ; on mountain lines, 
however, it will be much heavier. But the expenses per tonne-km., or passenger-km. are not 
thereby diminished, or at least only in an inconsiderable degree; since the train-expenses 
and the expenses dependent on the performance of the locomotive per tonne-km., or per 
passenger-km., remain the same ; and the expenses independent of the performance of the 

locomotive increase almost proportionally with the weight of the locomotive, so that -=$ for 

different weights of locomotive remains the same. 

Also, when as is the case on Local lines^ the weight of the locomotive is less than the 
above, the two costs calculated on the basis of a locomotive weight of 60 and 54 tonnes 
respectively, per tonne-km. and per passenger-km., are almost exactly the same* 

[• For the meaning of this term» see '< The Commercial Trace," fonning Part I of this Work, p. 69.— Tb.] 
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The weight of the locomotive need not have appeared at all in the formula for the 

working-expenses if the constant quantity -^ had been put = b. The expenses per tt^- 

km. increase, on the contrary almost in equal ratio with the weight of the locomotive. But 
since the working-expenses in Trace-problems should be calculated not from the number of 
train-kms. but perf erably from the number of tonne-km. and passenger-km... it is permissible in 
every case to assume as a basis the weight of a goods-locomotive to be 60 tonnes^ and that 
of a passenger-locomotive as 54 tonnes. 

If the number of train-kms. has to be dealt with in calculations, then for different 

72 
weights of locomotives^ for example for 72 tonnes, such a train is to bu treawd as gg s 1*2 

72 
goods-trains, or as t^ = ^'^^ passenger-trains, as th<9 case may be. 
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§ 14. 

Determination of tlie Working- Expenses wlien the Traffic is not the 

same in both directions. 

When the tra£Sc preponderates in one direction — which for this i*eason will hereafter 
be called the Main direction — then the train-load in this direction mast of necessity be greater 
than in the opposite direction, becaase — owing to the return-joamejs of the locomotives and 
vehicles — the number of trains in both directions is necessarily the same. 

If the paying-load carried in the main direction be T^ the weight* of a train carrying 
the paying-load be Q^ and the gross-load of a train b Q^ then if the paying-load carried in 
the reverse direction be T, and the paying train-load be Q, the gross train-load of a train 
jin the reverse direction is 

fLud putting T^ ^r T^, that is O2 ** ^ Oi* 
it becomes 

If the ruling gradient is in the main direction^ then 

* W + 8 

Thus a stiffer gradient s^ is permissible in the reverse direction^ and its limit* value 
is given by the equation 

AS 

_ s6g-f (I -r) (g-tg-a)tg 

For example : if 6 » 2|y t « *09, « - *02, vo » *0086, then in the oppotite direotioB (to the main) a grade 
maj be permitted 

for • r • i, of «i - -0218, 

r - i, ., = 0244, 

r - i, »j - -0278, 

r ■» 0, »^ - -0309, 

But if there be a severer grade in the opposite direction than that given by the 
above Eqn. 12 the former is to be considered as the real ruling gradient. 

If the ruling gradient lies in the main direction then the sum of the trains moving 
annually in both directions is 



or if the total traiEc is put 
and consequently 

then 






T 



3o 
On the other hand^ if the ruling gradient lies in the i*everse direction, then from 



18 obtained 



<' + '-')e. = ^^^^ 



n _ _i t — w — n r 



.Whence the number of trains per annum is 



— o 



6-l-r— 1 w + 8 



^ " I + r *(z — m; — k)L 



T , '^^\r O-t) 



The working-expenses will now be determined for the ease in which the ruling 
gradient lies in the main direction of the traflSc. The various gradients forming the line 
are^ for the purpose of the calculation of the locomotive-expenses, to be divided into 4 groups : 
viz. 

' (1) Tho^e cm which in descending brakes are not nsei and which rise in the main 
direction of the traffic, having a total length l^ and a total height h^y and on which there are 
carves of which the total central-angle amounts to a q. On such grades the locomotive* 
expenses for a train in the main direction are 

B^lo+a {b Q, + L) {w lo + K+ -000018 aj 

or, since necessarily, 

{bQt + L) (w + *) = «L 

therefore B^ l^ + ^^ {w h + K + -000018 a^) 

Whereas, for the opposite direction they are 

^o^o + a [(i + r-1) Q, + /. ] (ii; Z^ - '*o + '000018 a J 
or 

-Bo ^0 + « (J* Qi + ^^) i^ h-K + -000018 aj - a (I - r) Qj {w ^o - *o + -00008 a J 
whence, inserting 

we obtain 

^» '• + ^, ("' ^« - *» + -OOOOlScx^) - (1 - rf-^^^^ L (« l,-K + -OOOOlSa.) 

Consequently, the total locomotive-expenses per train in both directions are 

^^o^o + ^~ (« h + -000018 a,) - (1 - r) °^^'~;^7^'^ i (« i, - K+ -OOOOlScJ 

(2) Gradients on which brakes are required in descending and which rise in the 
main direction of traffic, of a total length l^ and total height A| and in which the sum of the 
central angles of the curves is a^. 

The locomotive-expenses per train in the main direction are 
B^l^ +a (b Qi + L) (w Z^ + Ai + •00C018 a J 
or 

^o h + ^^ (^ lt+K+ -000018 a,) 

and for a train in the opposite direction they are ^o ^i ^ ^^ ^^^^ ^^® ^^^ ^^ ^^® locomotive- 
expenses per train in both directions is 

a z L 

(3) Gradients on which brakes are not used in descending and which fitU in the main 
direction of the traffic, of a total length of l^ and a total fall of h^ and on which the tiun 
of the central-angles of curves is a^. 



2 Boh + ~T^. (it^lt + fci + -000018 a J 
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The locoTDotive-expeuses per train in the main direction are 
-Bo h + '^^ (^ h-K+ '000018 a,) : 
and lor a train in the opposite direction, 

BJ^ + a[{b-\-r-l)Qi+L {to l^ + h^ + -000018 a,) 
or 
B ^a + ^^ (^ h + *2 + -000018 a,\ -i^-r) '"1%'"'^""/^ L (tr Z, + A, + -000018 a,); 

So that the total locomotive- expenses per train in both directions are 
2 Bo ^2 + ?-^^ (ti; Za + -000018 a,) - (I - r) « (« ^ ^<^ - *) i (i^ Z, + A, + -000018 a,). 

(4) Grades on which brakes must be use! in descending, and which fitU in the 
direction of the greater traffic, of a total length of Z, and a total fall of h^ and having 
carves of total central-angle of a,. 

The locomotive-expenses per train in the principal direction of the traffic are 

and in the opposite direction are 

Bo is + « [(t + *•- 1) Qi + l\ (w Z, + fc, + -000018 ex,) 

Accordingly, bearing in mind the previous transformation made, the sum of the 
locomotive-expenses per train in both directions, is 

•000018 o,). 

From what has preceded the total locometiye-expenses for the whole length of the 
line I:=>Io + 'i + ^s + 's> P^'* train in both directions ar^ ' 

^^^ "'"^ ^~^T^r:Sr^{"'^" + wl, + wi, + fe, + A,-Ao + -000018 (a, +CX, + c^.U 

The train running^ezpenses and cost of brake-service for the less loaded train in the 
opposite direction hanling the same number of vehicles as the train running in the main 
direction are the same as for the train in the main direction^ and thus together the total for 
each trains in both directions is, 

2(/+«»)f6Qi 
or 

^•^ ' W + f 

The number of trains to be hauled annually in both direction — from Eqn. 18— is 

2 "" 1 + r (« — ic; — «) Jt 

so that the working-expenses for the whole line, inverting the Traco*modulus f (§ 11), and' 
putting 

p^ = II? I^ + w Z, + w Z, + A, + A, - A^ + -000018 (ao + «, + a,) 
are 

^^'^^T[l ^ ^ _ ^ go(ti? + f) \,^ a%p -\ 1-r ^ 
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Since the working-expenaes per tonne on the whole length of the Une for an equal 
traffic in both directions are (§11) 






(a — w — «)> 
then the working-expenses for unequal traffic in the two directions are 

K=^^^Th-\:=^^aTp, (15) 

The second term in the above expression represents the saving in cost of tractive- 
force due to the smaller train-load in the opposite direction as compared with that in the main 
direction. When the traffic in the main direction does not greatly exceed that in the other^ 
viz. if it be not more than double as great as in the opposite direction, this term hardly 
amounts to 2% of the first term, consequently it may be, as a rule, neglected, and the working- 
expenses for a traffic preponderating in 090 direction may therefore be represented by the 
simpler expression, 

K = ^ Tic (16) 

If K were equal simply to 6 jPE the working-expenses in the direction of lesser traffic 

would be the same as if the train carried the same paying-load as in the main direction. But 

since the paying-load is smaller than this load in the ratio of 1 + r : 2, the expenses h Tk for 

2 
the traffic equal in both directions require to be multiplied by the factor = -• 

If the difference of the volume of traffic in the two directions be small, the 
working-expenses may be calculated on the EBsnmption of an equal traffic in both directlonsi 
and tlM inequality of the traffic distribution can be taken account of by modifying 
tlM load-coefficient, naniely ^ taldng it bb 

0< as 

^ 1 +r 
where b is the load-coefficient un the main direction of the traffic, and.r the ra^io of the 
paj^ng-load in the opposite direction to that in the main direction. 

But if the ruling gradient is in the subsidiary direction of the traffic then the work- 
ing^expenses are to be found from the number of trains as given by Eqn. 14, viz. 

2 (6 + r - 1) (6 + r - 1) (1 - r) 
^ 1+r ^* 6 (1 + r) "^P« 

oxj neglecting the second term as being in most instances very small, 

^^ 2(6.fr-l) y^ 

1+r ' 
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SECTION 11. 

DISCUSSION OP THE DETAILS OP THE TRACE 
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SECTION II. 

THE DISCUSSION OF THE BEST FORM OF THE DETAILS 

OF THE TRACE. 



5 15. 

Introductory, 

Unlike the Couimereial Trace — wbich is aaaumed to lie in a horizontal planOi and 
oa which therefore the working-expenses for the weight- and distance-nnit may be asfiumed as 
everj where the same — the Technical Trace m a series of polygonal lines m space the angles 
of which are rounded-off bj curves. Here the working- expenses for the weight- and 
distance*anit are dependent on the gradients and currature of the Tmoe^ according to the 
principlea developed in Section 1- 

Guided by the genial principle of location — namely, that the total transport- 
expeoses, tiz. the interest on tbe capital siink, the track maintenaneei and the working- 
expanses shall be a minimum — ^it ia possible to derive from the dcpendance of the working- 
expenses on the grades and on curvature certain deBnite rules for the location o£ the Trace 
in plan and elevation ; and to establish a Method which shall enable the Kngineer to decide 
on the technical value oE the Trace. 

There are indeed certain Regulations extant and obligatory^ such as the ^'Technische 
Vereinbarungen*^ viz., the Regulations of The Union of German Eailway Administrations, 
which are based on multitudinous experiments and on experience extending over many years j 
nevertheless further i^peciwl investigations are yet required before it ia possible to formulate a 
complete body of Standard Roles, Regulations, and Methods of procedure. 

The conditions determining the shape of the Trace are not limited solely to curvature 
and gradient. The width occupied by the line, and the position of the stations thereon 
are also highly important factors and make their Influence felt in various ways. Accordingly, 
the fol]o^ving four groups of conditions nmy be distinguished as influencing the shape of the 
Trace, 

(1) The wiith occupied by the line, under which is included the gauge, number 
of tracks, their distance apart, the width of fonnation, the inclination of the side slopes, the 
width of the side-drains, protection-elearings at side of line, service roads, etc, 

(2) The curvature— namely the minimum permissible radius, and the normal radius 
which can be carried out without reducing the grade: also the widening of gauge and 
rail-superelevation in curves, the form and length of transition-cur veSj and the length of the 
intermediates between curves of contrary-flexure, 

(3) The graiientSj namely the choice of the best ruling gradient either with or 
without development of the length of the Trace, or when the whole line is divided up into 
separate working sections: also, the permissibility and the possible length of momentum 
grades, the reduction of grade in curves and in tunnels: the rounding-off ol grade-intersec- 
\\nnB at the bottoms and summits of grades, and the avoidance of lost height, 

(4) The poaitioM of stations and especially their length, and the permissible 
gradients and curves in stations ] also the determination of the best distance apart of stations. 

The existing Regulations and the results of experience with regard to the above- 
cited conditions governing the position of the Trace, together with the requisite calculations 
and investigations for the choice of the same, are dlscnesed in what follows. 
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The Width of the Track and its Details. 

The total width occupied by iLe line and it^ t*ompoiieiit widtlis is determined by tbe 
width of gauge. Railways are now too widely spread over miift civilized coiintriea to permit 
of any change? in the established standard width of gauge, viz., 4' Si" being even thought of ; 
accordingly, any general investigatiun of what might be the best width of gauge can have 
no practical value. Besides, such an investigatiun would be extremely diHicult, The very 
etroumstance that for every individual line the best width of gauge mnst be in each case 
different, varving with the amount of tUe cost of couat ruction and the nature and volume of 
its traffic, and the fact that the demand For a standard or unifMrm gauge would involve the 
determination of one avemging most successfully all existing gauge- widths^ clearly shows 
how impossible of solution of the problem is. 

An ea&ier problem is the determination in any given case of the dependance of ihe 
cost of construction on the gauge : although even hefre the authorities who have handled 
this question differ on individual points. 

But it is very much more diffieult to determine the influence of gauge on the first 
cost and maintenance of locomotives and vehicles which have to be expressed in the unit of 
performance of the locomotive and the unit of vehicle-load, respectively. Manifestly, these 
expenses would be a minimum for a certain gauge which, however, will not be the same 
for locomotives and for the different tyjes of vehicles, and they would increase if the gauge 
were either decreased or increiised. Regarding these intricate questions, only suh able by 
long and carefully carried-out experimetits mid obgervatlous, little exact knowledge has been 
obtained up to the present; and indeed little more is generally agreed upon than that the 
early broad-gauge of the G. W. E. lu EnglaQd of 2"2m, was tt»o wide. 

The problem of determining the other Items of the working-expenses and the 
influence of gauge on the velocity, safety, and comfort of travelling is still mure difficult 
and insoluble. Evidently, as ihe gauge increases the travel of a vehicle becomes steadier 
since the angle formed by lines drawn from the C. (I, of the vehicle to the points of contact 
of the wheels with the sides of the rails, of which the magnitude is usually taken as a 
criterion of the steadiness of the vehicle's travel, becomes obtuser with every increase in 
gauge* Also, the inevitable differences in level of rails, assanung them to be the same for 
all widths of gauge, produce greater swa) ings of the vehicle in small guuges than in larger 

Fortunately, the advantages and disadvantages of an increase or decrease of gaugu 
are so associated that fairly large deviations may be made above and below the distinctly 
best uniform or standard gauge without the total expeuses of railway- working being iticrea^ied 
thereby in any considerable degree. It is also indisputable thiit the gauge most in u^e, the 
go-called normal-gauge of I tS'i ^"^ ( = 4' 8l'0i approaches very closely ta the theoretically 
best general gani^e* But, as already remarked, this question is now of no practical importance. 

Another important ipiestion is this — Whether in any given case a deviation from 
the standard gauge in favour of a smaller or larger gauge be desirable ? The governing 
considerations in this matter are discussed in § 18- 

For the width of ll&m lines* the ''Technische Vereinbarungen " of 1882*^ lay 
down the following : 

'* §. 4, The Normal gauge is li35 ^/^ in the clear of the rail?, 

[• far ^vfit^^on Me p, 59, *'lho Commcrciiil Traci*.*' formiag Fjirt I tif thii Wo^t-Ti.] 
[•• The iMl editiOTi of tb« " T. V," ii of 1S96— Tm-] 
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*' $, 7, Tracks outside stations are not to he lesa than 3*5^ apart from c to o, 
** When additional tracks are added to the double- track the distance 
** from the latter, and from each other, is not to be less than 4™. 
"For new lines a distance c to c of tracks of not less than 4'** in 
'* recommended," 

" § 8. The width at formation is to be such that the distance of the intersection of 
" a line drawn through the underside of the rails with the plane of 
*^ side slope shall not be less than 2" from the centre of the adjacent 
'' track/' 

The Union of German Railway AdministrationSj distinguishes Main Lines, Subsidiary 
or Secondary Linesj and Local or Tertiary Lines,* Secondary Lines as regards track 
agree in iill essentials with Main Lines, so that all locomotives and vehicles belonging to Main 
or Trunk Lines can travel over thein. The vehjcity, however, is limited ; and at no point is 
a velocity of 40 km/hr, to be exceeded. Local Lines— which may be either Normal- or 
narrow-gauge— handle public traffic^ but it is mainly local ; they are worked by steam 
traction and depend solely on adhe<iion. The maximum wheel-load is restricted to 5000 kg. 
and the velocity to TO km/hr. 

The Grundxuge or *^ Regulations for the Construction and Working of SecoiiJary 
Lines" issued by the Verein in 1880 contain the same Regulaiions (5§ 4, 7) as regards gang© 
and distance apart of tracks as for Main Line^. But in § 8 the distance of the edge of the 
formation from the centre of the next adjacent track is reduced to I'TS^*^ ; and in sharp curves 
and on high banks they recommend an increase of width, 

]ly the other Gruntlziige or "Kegulations for the Construction and Working of Local 
or Tertiary Lines," also issued iti the same year ISStij the JforJEal- gauge was fixed at ri35*"j 
exactly as for Main and Secondary Lines ; and they recommend tliat narrow gauges 
when employed on Local Lines be restricted to the widths of 1000*"™ and 750''*'" in the clear. 

Normal-gauge tracks outside stations are not to be at a leas distance apart than 
Sn^S"' when run over by vehicles of both Main and Secondary Lines. When this is not 
the case, and aim for narrow-gauge Hues, it is rocommen Jed that this distance be raa*^*^ jOO™™ 
greater than the maximum outside width of the largest vehicle when loailed. 

The width oE the truck substructure is to be such that the diistance of the point of 
intersection of a straight line dra^vn through tiie underside of the rails with the plane of the slopes 
oE bank— termed Ithe "crown-widtll *' — is for normal-gaugo not less than 1500""° from 
the middle of the next adjacent track, and fur narrow-gauge line not less than the width of 
track. In sharp cun^es and on high banks an increase in these widths ia recommended. 

In the location of the trace the width of (he earthwork at the bottom of the ballast 
t,e,, the Formition wiitij is a ruling factor and in contradistinction to the crown-width, 
is termed the working- width of ths line. Accordingly wljeu lucatiuf^ the trace the depth 
oE the b:illast measured from the fonnati m to the underwidu of the rails must be previ* 
onslj fixed-upou ; and because banks are more easily drained than cuttings this depth to be 
kvss for banks than for cuttings^ and for cuttings in earthy soil less than when they are in 
harder stuff. 

In fixing the depth of ballast the rule laid down in § 10 of the " Technische Verein- 
barungen *' must be borne in mind, namely, that the ballast is to extend at least 200'**"^ below 
the underside of the sleeperdi The depth of ballast should therefore be be taken on banks 
as a rule at ^50 to 400^"*, and for cuttings at ^1 to 'o^. 

Ballast IS usually laid on the formation with slopes of 1 to 1 or 1 to IJ with a hori- 
zontal berm of '2™ or '3*° from the foot of the balliist-siope up to the edge of the slopes of the 

[• For fnfthcr detailt reg^rdimff this cUssification, see Appendix to *' The Oommorcml Tjuce '* funning 
Part I ©( tbia Work— Til.] 
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banV. Accordingly, tlie top*widih of the ballaBi is s&txiewhat less llian tie dimension laid 
down for the diatanoo apart of the points of intera^ctiau af a ^Imight line through the utider- 
sides of tho rails with the bank-slopes produced. 

The formation-width of banks with l\ slopes and ^35™* depth of ballast exceeds the 
top- width of the ballast bj 2 x 1^ x *35 = l^O^j"* In ctiitings the formation-width is 
further increased hj the width of the side-drains at formation level. 

Assuming that the minimuui bottom- width of side-drain a in cuttings be "3", and 
their minimum depth below formation be *3™, then the width of a side-drain at the height 
of the formation, for drain-slnpes of 1 : I}, is 1*2"", Accordingly, the fnrmation-width of 
cutting for a depth of ^-t*" of ballast ie 2 (IJ X '04 X 1*2) = 3 6"* wider th^n the crowu-width 
t.e,| at the height of the underside of rails between the points of intersection with slopes of 
bank produced. 

But such a drafn can onlj deal with small quantities of water, and accordingly 
side-drains are frequently made much wider and deeper, thus increasing jthe formution-width 
of the cutting* 

In cutfings In hard ground with vertical sides the formation-width maj, when 
necessary, be made smaller tlian for cuttings in earth, and the side-drains may then have the 
minimum dimensions. 

The width of ground required for the construction of the liue will be greater than 
the formation-width not only owing to the slopes of the banks and cuttings but also to provide 
width for the iralns lying outside of the outer edge of slope — usufilly of a w^dth of 
•5* to 1°* : also for the cle^rinjS strips in meadow and forest land for protection against fire, 
Bervice and other roadsi snow fences* and protection wtlls against stone avalanches, 
for drains on the hitl-side of a cutting, and far fence-ditches^ and finallj, for epoil-bauks 
and borrow-pit8< 

Works already carried out show, however, considerable diETerences not only in the 
average total-width of the requisite area of land bnt also in the dimensioning of the crown- 
width and formation -width. The Gotthard Railway may be cited as an example. 

Hellwag^^ and rolezmlek' fi^ed 3*6oi && the erowQ< width cf ballfut for » Bingle-tmok line ftt the bright 
andemide of n^ile^ and for two- track Une 7'1™ when tlio distlL]lC(^ of the tj^cks ii 3*5ru from € to e. The dUtance of 
the point ot intenectioti of a plane threngh the ntidcrndG of raili with the pla&«0 of the bauk-alopea is 4^2™ for 
imgle-trftck, and 7 '7™ fo* double -track line* 

The depth of ballaat oo bankB ia '86™ j in cuttings it ia '4m, *od in reckj sttiff 'Sm. The form alion -width 
banka carrying ijngle- track is 5'2™ \ for two iraeki it la S-?"" j and in enttlngB for a eingie-track^ 7'9^, and for donble- 
trat^k ll'4m ; and the aide^dmins are ^S5i» in boitom- widths S^i deep betow the bottom of the ballaat, and thei* bar^ 
a width of 4 2&tn ^t the lev^ol of the top of tbo ballast for l\ ^lopea. For deep etittingfl tho lide^dFaina are deepeaed 
ftnd widened, and the fonDation- width iniCZGaaed to 0™ and 12£if^ reepectiTolj. 

The aido-alopef for bank* are uaoaJly 1| io 1 1 for oottinga, 1 to li ; in atiCF catena! ^r rw*, reftical 

Where tbe lateral space ia limited the bank is formed of layera of rough broken fitone baring side alopea of 
1 to I np to a max. height of 30™, and for at leaat l"" in depth they are topped with earth, Eetaining walla of dry 

itona-work with a r- batter are quite freqoepUy oamed np to IQ^ height aad retaining walls of maaonry are nsoallj 

a 

without batter. 

Ontaide drain a hare a width of ^S™ to im * protcotioTi*de»rinp in grais-land (agaiTiat fire), a width of 
8™- 10; in 1oaf*wood pla?itationa, |&m.2Q^t ^ eoniforotta plantations^ 20ni.25— all nie^Mnred fmm the neareat adjacent 
Iraek. 



(1) Hellwig: Die Bahnaohae nnd das Ulngenprelil der (lottbardbahn. Zniich. 1876. 
(5) ZeitBchrift dtf» Uftnnov€T9ch^n ArchiUkten^nd Jit^enteitr-r«rriiti* 18S2» •, 470. 
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§ 17. 
Single- and Double-Track. 

If it be certain that a single track will always suffice to handle the expected iiraffic 
then oi'cowne the trace is onlj worked-np on that ba<^is— with the exception of the stations, 
which will nnderall circamstances have two tracks. 

Bat if it appear certain that a second track will be necessary in the future^ although 
perhaps only after a considerable time^ then it is adyantageous from the very commencement 
of operations to locate the trace for a 2-track line ; and according to the estimate of the 
time after which the second track will become necessary to take measures for its construc- 
tion. 

Even when the second track will probably be necessary only after the lapse of 30 

or 40.j«ar8> it will still be entirely justifiable to ecqnire the land for the same at the time 

of the original location. Land acquired for the second track need not exceed a strip of 4"' in 

9 
width for the line between stations, which latter may be taken at |-^ ths of the whole length 

of the line: so that on an average there is required^ 36 ares* per km. of road of which the 
purchase-price may be put at between 2,0 CO aud 3,00 M. 

At the end of 40 years, these sums at 4% compound-interest would become 9,600 
and 14,400 M. respectively. And supposing that the land could be leased out for at least 
1% of its cost-price, there would then be only a loss of 3% or, after 40 years the cost per km« 
would have increased to something between 6,500 and 9,750 M. 

But it is probable that after the lapse of 4 ' years the land would sell at a higher 
price since, owing to its increased value, houses would quickly spring up in the immediate 
neighbourhood of the railwny, or for other reasons. 

Naturally, the advisability of the above procedure rests on estimates which have 
no very higli degpree of trnstwortlimess. 

Further provision for the future construction of a second track may be made 
'In the arrangement and treatment of the works of art on the line. Long tunnels, of course, 
will usually be laid out for double-track with the object of securing sufficient ventilation ; 
and similarly, long-span bridges with iron superstructure are usually of double-track width 
with the object of f uHy resisting wind-pressure. 

In the case of short tunnels, if it is probable that after n years a second track will 
become necessary then, for a rate of interest i, the calculation is made as follows. 

If the cost of a unit of length of the tunnel for a single track at the time of the 
origfinal construction be ili, and for a double-track, A 2, and if the subsequent widening 
of the single-track tunnel to accommodate a double-track, or the construction of a second 
single4rack tunnel parallel with the first, be A, then the immediate construction of a double- 
track tunnel is advisable if 

In the case of arched bridges, and iron-bridges with the main girders nndemeatli 
the track* *te substructure for the double-track will as a rule be advantageously constructed 
at the time of the actual building of the single-track; but the wing-walls should be built 
complete on one side only, and on the other side a retaining wall to be removed subsequently 

[• 1 Are = 100 sq. metrei—TB.] 
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when the double line is baiit, and the abutments of ttiia seconil half of the bridge are to be so 
built-up and stepped-oll tliat thej act as wicga obbqiidy dab ted off and forming a continu- 
ntioo of the abutments of the first half of the bridge, the slopes of the single-track bank 
being carried-np to them. The pecuniary propriety of such procedure is to be ascertained 
by means of the formula previously givfii in connexion with the constrnction of the tunneh 

For iron bridges in which the track runs between the main girders ^^ 'b to be 
noted that the snbstructnro of piers carrying two distinct single-track lines will be some IB"" 
wider transversely than if the superstnicture were that of a two*track line. If P be the 
extra cost^ of the longer piers for two single track auperstruetures over that of the piers 
of a two^track bridge; and if A^ be the cost of a single-track superstrnctar©, and A^ the 
cost of A dotible-track superstructure ; then by initially only building a single-track the aaviog 
as compared with a double-track superstructure is 

This saving in the course of the n years after which the construction of the second 
track becomes necessary should exceed^ if the p(»]icy is to justify itself^ at compound-interest 
the outlay which will have to be incurred after n years; so that the condition which should 

be fulfilled is 



For exAmpTe : if the mt^taltic sup^TBtractnre (^ a bridge of 3 «pans of 30™ coat A^ ^ 36,OCO M. and 
that of ft dottbJo.tfuek J ^ ^ Tl^OOO M., and if furthcP, the iBpi^rstnicttitB for two iingle-track bridges 
coit P* 8,000 Mi^ more than for ei donble-tnfick bridge, then it would be the better polifjr to at once 
eo&Btract the twq-tmck bridge if the «i'cozid track were required aubieqneEitl/ in jera than 7'4 jean — ftitic^ 

(71,000 • »6,000 - 8.000) (l'CA)"-*> 36,000. 

The earth workj ortginaUy thrown-up for a single-track line, cannot be widened to 
accommodate a second track out of the initial saving A^-Aj^ made hy reEtrictitig the 
line to one track, since the roads and trueka tracks used in throwing-np or removing the 
earth, Tvhich without any considerable extra expense might have been utilized at the tim^ 
for the widening of the bank^ have to be lo-contructed and equipped afresh; and the revetted 
work or the turfing on the shipt^s of the bank of the single-track line has to be taken off on 
one side and relaid after the widening for the second track ; and precantionary measures 
must be taken to guard against the slipping down of the newly thrown-up bank. 

Special difficulties occur when the line lies in sidelong ground because the hill- or 
inner-side of the line being in cnlting and the valley-side in bank the revetting or turfing 
of the two slopes has to be postponed for the time-being and carried out latter on : and the 
track has to be slewed laterally. It is preferable therefore, both when initially conBtructing 
the single track and also when carrying out its later widening to the full 2-track section 
instead of the usual balancing of cut and fill in the crosssectiou, to balance or equalise the 
4uantities 1 on gitudinnlly— which may be done in the following manner. 

The cross-section of the double track is not at any point fully completed but instead 
only the right-and left-hand parts of it so as to form a track for a single track line and that 
alternately for definite lengths. Subsequently when 2 tracks have become necessary, the 
alternate and incompleted portions of the original 2-track section are completed. 

As the longitudinal haul of earth is more costly than moving it sideways and 
since iu the transition length from one track to the other, slewing of the track and re- 
dressing of one or of two slopes will be unavoidable, such supplementary widening will 
always be a conBiderablo increase of expense. This method of procedure, in which the 
throvving^up of the right-hand trick alternates with that of the left, should be carried out 
aa largely as possible iu the iutermediate straights Ijing between reverse cuiTes, and naturallv 
dtmrnnda a very detailed consideration. Und^'-r any circumstances the subsequeni widening of 
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ihe foimation-widtli for the Beoond-track is an extra expense represented by 

which is only justifiable when and if the money saved viz. {A^ ^ A) in the first instance by 
building a single track is greater at compound-interest for a term of n years within which 
one track inffices for the traffic requirements than the above expense; so that the earthwork 
should be thrown up at once for two tracks if 

(1 + <)• < m 

For example : if m * l*5i as may be assamed as a rule, then at a rate of intereBt of i «» -04 the earth- 
work thoiild be made at onee for doable-track if the aeoond track would be required before the expiry of 
• » 10 years. 

Thus, as the preceding discussion shows, there may advantageously be various 
stages of completeness in the building of the second track dependent on the length of time 
during which a single-track suffices, which stages lie between the simple acquisition of the 
subsequently requisite ground and the complete building to subgrade, further modified by 
the different methods and degprees of completeness in carrying out the works of art on the 
section. 
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$ 18, 

Standard- and Narrow-Gauge Compared- 

According to the Regulations (*' T. V.^') of the Union of German Railway Admin i si ra- 
tions Main lines and Secoudary lines are under all eircutnstancefi to be built on the normal- 
gauge; and it ib only in the case o£ th© third class of liueSj viz,, Local lines which have a 
public traiic but loalnlj local that a choice between nornial-gaage and narrow-gauges of 
1000 ""/^ or 7oO"7n, is permissible* 

In comparing the Standard* with tha Karrow-gauge it is necessary to assume that 
the number of trains, the paying-load carried by a single train, the velocity and, cohseqiteutly, 
the type of rolling-etock^ is the same for all casee.^ 

As inhereat distiactive advantages of the Karrow-gauge are to be reckoned ;— 

(J) The saving in cof*t of construction due to the narrower width of the line, 

(2) The saving in cost of construction arising fcom the employment of sharper 

curvature consequent on the closer couformiiy of the line to the shape of 
the ground. 

(3) The ability^ due to the use of sharper curveSj to adapt the line more com- 
pletely to the requirements of the traffic, euabling the line to penetrate 
more effect 11 ally into the heart of districtE and also to approach more closely 
to industrial points. 

On the other hanOj the advantages peculiar to the Standard or Normal gauge are :^ 

(1) The avoidance of loading and unloading goods in pasatng from Main to 
Subsidiary lines : 

(2) Its greater utility for military purposes and for certain special kinds of 

transport, 

(3) The possibility of re-using old equipment, such as vehicles j turntables, etc, 
which have been rejected on lines where a higher degree of velocity obtains. 

(4) The possibility of being able to transform the line at a small coat into a 
line of a higher order, when an increase of traffic demands it; for example, 
from a Secondary to a Main line. 

The further advantage often claimed for the Standard-gauge of cheaper working ia 
the not, for the reasons given in the sequel, here considered. 

It is evident that no generally applicable conclusion is possible as to which gauge 
possesses the greater advantages : particular cases only can b^ adjudicated upon. As a guide 
to the calculationB and decisions requisite to be made in such cases the following discussion 
will assists 

Reducing tho gauge lessens the cost of land, earthwork, works of art, ballast, and 
sleepers. For the Narrow-gauge the rails cannot be made of less weight than for Standard 
track, because for equal velocities and for equal train-weights the weight of the locomotive 
must remain the same, although the wheel-pressure of the vehicles on the Karrow-gauge ia 
somewhat smaller than on the Standard track. Strictly speaking, the rails for Narrow-gauge 
should even be increased in strength, because the oscillation of the veMcles arising from 
inequalities in the height of the rails is greater on Narrow-gauges than on the Standard. 



* This liu not alwAf I been done in ibe dispute of Standard vcriu$ Narrow-gang^ whi^b bui been carried on 
for 00 inauy yenni; tknd tho dedidon of ihia qaestlon^ whiob indeed bos been diacussed ad nauseam, h%a f i^QgneptlT 
b0OQ xQQOb obtioarod and falBe iviEieB miied from oommorcUl and perBOzial coomidemUanfl. 



... i ^ ^ 

Althougti the Verem has fixed a3 the in id imam permissible crown-width of aarrow- 

gauge railways at twice the width of gauge, this fact tieed not be coEsidered la the coui* 
pariaon of different gauges^ smce an equal degree of safety in working is only possible when 
and if in the various gauges the distance of the ends of the sleepers, the edge of the ballast, 
and the sidea of the earthwork from the outer rail-edge, are each the same in the two cases. 
When this is is so^ the width of the land to be acquired, the width of the earthwork, the works 
of art, the width of the ballast, and the length of the (cross) sleepers is only smaller by the 
difference of gauge. Thus in the case of a gauge of 1" as compared with the Standard- 
gauge, thia difference amounts to '45"*; and for the gauge of To™ approximately to 'l'^. 

The saving in cost of construction for a lioe of 1"* gauge as compared with the 
&taudard*gauge may be estimated per km, aa follows ;— 

(a) Saving in cost of land — a strip of 'iS"^ wide, via. 4^ ares @ 6 ) M, 270 M. 

(h) Saving in earthwork assuming an average difference in the height 
of the bottom of ballast from the surface of the ground of l°* 
= 4&0 cb/m. @ I M. .<. .:; ... ... ... 450 „ 

(c) Saving in ballast with S*" depth of ballast = 3 x *45 x 1000 - 135 

C b/m @ 3 M* ... ... .*• *m» ,•. *mm 405 ,j 

(<i) Saving in sleepers, lUl x -45 = 600 running metres, @ 1*5 M. ... 600 „ 

(e) Saving in land, earthwork, and in track in stations^-an average per 

km- of road an addition of 10% of the items under (a) to (d), ... 173 „ 

(/) Saving in the works of art, say .•, * . **, ... 302 „ 

Totals 2,200 M, 

F&r a line of '75" gauge the saving is greater in the ratio of *6 to '45, 

or say ♦.. .»- »•* *•» *•• •*• •-« 3,800 M# 

An additional saving the amount of which could only be ascertained after completely 
wor king-up the project of the line arisei from the employ mant of the sharper curves possible 
on narrow-gauges. 

According to the valuable theoretical investigations of BtBdeckeft* curve-resistance 
remains constant it the wheel-base, wheel-radius, clearance in gaugo, and curve-radius varj in 
the same proportion with the gauge. Of course such a proportionate reduction of the 
wheel-diameter with the decrease iu gauge is obviousl/ out of the question; but the wheoU 
diameter for the Standard gauge being between 9™ and 'fl?*", for a metre-gauge line it is 
usually not less than *85", and for a gauge of 75, not less than •75«^. 

Howeveri according to Boedecker*3 investigations it appears that the diameter of wheel, 
within the above limits, is after all really only of quite minor iufluence on the ntagnitude of 
curve^resistance ; sc that if the wheel-base is diminished proportinately with the gauge, it 
may be assumed that a curve of ^O"' radius in a track of 76°> gauge, or a ctiTve of 70^ radius, 
in a track of 1" gauge, produces the same resistance as a curve of 100^ ©n a line of Standard* 
gauge. 

Curve-resistance, (§7) on the Standard-gauge being taken as c = = for a gauge of iw 

may be expressed generally as c = -^ i and consequently, f or m, = I, c » ^; and for m, = 
•75 ^ _ I^ . where B is the radius of curve in metres. 



[•B«aoakett Ead and Sehieoe. HazmitTdr; 18fi7, of whioli »n Engliib verwon bj the freint Tr«iktorij 



obtAil&^ble from Hifginbothaiu, Mftdro«.> 
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On Local (oi^ tertiary^ lines the disadvantages o£ sharp curves have now become greatly 
lessened by the use of movable axles now so generally and successfully employed, for example, 
on the Saxon narrow-gauge lines. 

It will be readily seen that the use of smaller carve radii in difficult couotty may lead 
to much greater saviog iu the cost of cousir action than that directly arising from a reduction 
in widih of gauge. 

If the gauge be reduced while the trace and, consequently, the curve-radiij remain 
unchatiged, there will of course be a decrease in the working-expenses due to the resulting 
decreased curvo*reaistance. On a narrow-gauge line of '75^ gauge t^^c ciipve-resistanco 
will be less than on the Sti*mlard-gauge by the aniount 

B ~ B 

Thus iu the haulage of a tonne on a curve <*f c*^ central angle and fl" radius, of which 
the length is given by *0000I7o or R^ there will be a saving in the work done in overcoming 
curve*resisianco of 

~ ^0000175 ex B =-000008 -, 
a 

Since the work done by a tonne of tractive- force on a length of 1 km. costs (§ 5) 
25 pfennigs or } M., there results a saving per tonne oE '000('02 (x JL 

For example : snppote the stuei of the centml-angk^ Average %0° per km. of length of H ne i then in 

conscqttcuC'Q of ihta soibXIg-t cor^e-resisianc^ on the Txarrr^w-gaoga por tonne-km. there i& & sa^ritig of 
*uu01 Mi in working cxpetiiCB; on 'injurious*' grades thiB U ao enlj in ene direction, tul for '* uon- 
lajiiriotia " gmtles it is true of both directiona. The aaring howeirer ii ftn inaignifici^nt one, iinf e 
aisainlng 200,000 tonnea groas-load is hauled over the Hue acd that half tho otu^et&re on " non-injuricitu ** 
gnidea^ it only Bmonnta to 15 M. per anstim. 

Of hardly nioro importance on tlio reduttion of working* expenses is the smaller 
ratio (as compared with the Standard) of gros*-weight to pnying-loa<i attainable on the narrow- 
gange. If Tehicles of various gauges be built on the same type and run at the eame speeds 
then by nisrrowing the width of gauge hardly anything is saved in the weight of vehicle^ 
expressed in terms of the unit of uiiefal-loadt in the un<]er frame^ viz.^ in the axles, wheels, 
hearings^ and spi ings, while in the buffer and couphng gear there probably will be an actual 
increase of weight; whereas in the body of the vehicle a decrease in weight is attained by 
diminishing the wheel-base in the ratio of the gauge. Accordingly, for the whole vehicle, a 
narrowing of gauge would only improve the ratio of the gross-load by an insigni5 cant amount. 
But this ratio is better in the narrow -gauge gootls-vehide from the fact that tho Standard- 
gauge vehicle to enable it to travel on Main lines at the Itigher velocity must be built more 
solidly than the narrow-gauge vehicle which is confined to Local lines. 

According to precise data* regarding ihe vehicles on the Royal Snxon Secondary 
Lines the vehicle- weight per 100 kg. useful- load of Standard -gauge covered goo fls -waggons 
varies from t>I to &5 kg* i but on the niirrow-gauge of '75" from only 38 to 40 kg. ; and for 
uncovered Standard-gauge goods- waggons^ from 47 aud 72 kg. ; and on the narrow-gauge^ 
from ii7 to -14 kg. As regards passenger-vehicles, which are built much lighter both on the 
Standard-gauge ^'ocondary lines and on Main lines^ there is no decrease of weight on the 
narrow-gauge. Thus on the Saxon Secondary lines the weight per seat of the normaU 
gauge passenger-car is 39 to 174 kg. and of the narrow *gauge cajr, 152 to 172 kg. 

Accepting these vehicle- weights, and asBuming in each case an equal degree of ntilisa* 
tion of the vehicle's capacity, it may be taken that in goods- traffic there is on an average per 
t^mue of useful-load at least |rd tonne less of vehicle-weight to be hauled on a line of '7^^ 



^ Br <}«li. f i&Mu.imtli £6pcke %nd Fitucxrath Striek, of Drcidea, 



51 

gaoge than on Standard^gauge, If the en rve-re distance on tlie whole division arepsges *TO6 
of the loadj then for the transport of a tonne of ust^f uMoad per km< of the narrow-gaoge line 
there would be a saving of '002 tonne-km., which corresponds to a uioney-eaving of *0005 M, 

For eiatnplo : on a lino csn whirb the goods- traffic uroomiied to 60,000 ton&eB pajiti|af-1o&d,iLero would 
be a saving of 25 M. \»}r km., on » ottrPffw-gntigo line of '7&™ gauge a» eompfti^ with the cost on a 
Standard-giipUgo lime, 

Btit the saving in tractive-force on narrow-gauge lines arising from the decreased 
carve resistance and the smaHer ratio of gross-load to useful -load ia counter-balanced bj an 
€3itra cost of trHtn-service, 

The coftt-prico of covered goods- waggoua per 100 kg. of usefuMotid wom ou the Saxon Second aiy 
Usoa oo the Standard -gauge 22 to 49 M. : and on the tiarrow.gnuge, 21 to 22 M, For Standard *gaugo 
open good«- wagons it amounted to l€ to 3 J M. ; for uarrow-gauge waggons, to 18 to 19 M. ^ and for a 
6taiidard-g»iige passenger- cur per i»eut it was 58 to 107 M.t and on the narrow-gauge, 97 bo 122 M^ 

According to these figures the cost of the Standard-gauge goods-vehicle was 
somewhat less, while for passenger stock it was somewhat greater than for the narrow g&oge j 
so that in general no noteworthy difference in thtse ittms of espense on the two gauges is 
recogmsiablo. 

But the raaintenance-expeuees of the veliiclt s, for goods 4niffic [as to which there is 
no comparative data available^] must dioubtlegs be greater oa the narrow-gauge than on the 
Standard; since the maintenance-expenses are dependent on the number of individual parts 
of the vehicle such as axles, wheels, bearings^ springs, buEFers, conplings, etc., of which more 
are required on tlie narrow than on the Siandaid-gaugofor the tmnsport of an equal amonnt 
of paying- load. 

Since the expenses of TOaiutenance and renewalt of Main lines* goods- waggons, ac€K»rding to | 5 
ftmouot to *185 pC l^er paying Imud tonne-hm., and on Socondafy lines of Standard-gaogo will ceitainlj 
not be tea B thgji rl2 pf. then if on narraw -gauge lines tliie e^penie be a^siiined to increase bj half, 
the e^tra ontlaj for maintenance tftf vcbk-let per km. annual]/ lor a traffic of -50tOOO tonnei pajing-lood 
wonld bo 

so,ooo K *oe ^ 30 M. 
Although the preceding discussion is nt^ither wholly satisfactory nor exhanstivej 
nevertheless on tlie strength thereof it may be asserted that : Aifiaming the same method of 
working the traffic, the working-exfenaes on Staadard-and narrow-gauge differ very 
•lightly from one another^ since what is saved on the DarrOw-gaiige in trsiction is almost 
entirely lost ia the extra cost of inaipienance of its vehicles. 

If the circumstances be taken into account that by adopting a narrow-gauge the 
advantage is lost of re- using much of the line-equipment and rolling-stock which has been 
rejected on Main lines but which is still serviceable for Local lines; that in times of an un- 
usaally heavy traffic getting out of difficulty by borrowing stock from neighbouring lines is 
impossible, and that consequently, it is imperative to maintain a full stock of rolling material ; 
that the narrow-gauge lines have not for military purposes and for certain kinds of traffic 
the same suitability and (opacity of work as the Standard -gauge ; and finally, that all traffic 
either coming from or going to the Standard-gauge linesi must be unloaded and reloaded; 
then the cases will be rare in which all these disadvantages, due to reducing the width 
of the track, are counterbalanced by the saving in cost of construction^ which saving all-told 
only amount R to 5 or 10/^ of the whole capital- cost. 

Amongst the capital disadvantages of the narrow-gauge, in most cases^ is the neces- 
sity of tinloading and loading goods. By the aid of suitable mechanical transhipping 
arrangements, shoots, etc., and sometimes by the transfer of the whole body of the vehicle 
detached from its under-frame, from one gauge to the other, the expense of break of gauge 
has been often reduced to very small proportions. But undor such conditions the interest on 
the capital and the maintenance-expenses of all the devices employed in the transfer- opera- 
ni must not hi left out of account nor under certain circumstances the loss of time. 
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depreciation of value of iHe goods dao to the baud ling, and the necessity of a larger numbei^* 
of vehicles which such a transfer from one line to another involves. 

Numerical Exftmple : If for a braneli- lute of 25 km. teogtb ttnd '7^ g^t^o ihe SAviog iel ccmstruc* 
tioti-eatt ft> compared with the Norm^-gnui^e amo anted to 

25 X 3,800 = 95,000 M. ; 

ftad if the workiag-expenses wore the i&ma as on a StandArd-i^ttge liiw, Iben tuA tit ore thmti the Intereal 
of that laving, i.<. 

■04 X 95,000 =* 3,800 M. 
■hoiild be expended per ammni in the transhipmont of goods, if the na mow- gauge is to b^ worked at a 
profit. If the cost of transhipment, inclnsive of all accessory expenses is takeii at '2 M, per tofitiei then 
not more than 10,000 ton&es #iotild be so ti»nihipped aimnaliy. 

It is impossible to answer the qneBtion whethefi the narrow-gauge is the more 
suitalile for Local lines ; and each individual case must be considered from the points of view 
above discussed. As a general rule, the narrow-gauge will oulj be advantageous where at 
its junction with the Standard-gange the tFanshipment of merchandise is insignificant in 
amount in proportion to the length of the narrow-gauge line, or where at its contact with 
waterways a transhipment of goods would be necessary even if the line were of Standard* 
gauge ; or finally, where by the adoption of sharper curves it is possible to adapt the line more 
closely to the ground, or to conform it to existing road^^ or for the purpose of penetrating 
into densely populated localities. 

But having decided upon a narrow*gaiige it is very rarely worth while to halt at the 
gangd of 1°> ; in tbe majont^ of caeet the gange of ^IS"^ Bbould be ehosm ^ sioce a gauge of 1°" 
possesses all the distioctive disadvantages of the narrow-gauge to almost the Eame est eat 
a^ the *75™ gauge, while the advantage due to saving in construction is relatively very much 
smaller than it is for a gauge of *75", But although a decrease in width of gauge below *75™ 
may often be attended under special conditions with pre-eminent success, as, for instance, 
on the well-known Festimog Railway (which has a wiJth of only ^59^)^ still it is not desirable, 
owing to the increased difficulty of satisfactorily designing the rolling-stock j and on accounip 
of the greater and more violent swayings and impacts of vehicles and locomotives which 
occur on narrow -gauges. 
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§18. 
Curvature. 

The circle is exclusively employed in Railway work, for the purpose of rounding- 
off the angular junctions of the string of straight lines forming the trace. On Boads^ on the 
contrary, other carves which give a smoother, i.e., more gradual junction with the straights 
are preferable as, for instance, the parabola. 

Tiie circle is necessarily employed in railway curves because the supereleyation oE 
the outer rail and the easement of gauge depend on the radius, which it is desirable should 
remain constant in amount for the whole or nearly the whole length of the curve. 

The smoother transition from the curve to the tangent, and from the superelevation 
and enlarged gauge to the normal-track level and gauge is, as is well known, obtained by the 
use of transition corves.* 

If owing to the tangents being equal in length a circular curve does not fit the ground 
sufficiently exactly, it can be replaced by a compound curve formed of two circular arcs of 
unequal radii and two tangents of unequal length. 

If the radius B AI — Fig. 2— of the curve tangential to the line C B is arbitrarily 
fixed at r = i/ J3 within the permissible limits of radius, then the radius of the second circular 
curve starting from the tangent A C \& found by drawing from A perpendicular to ^ (7, the 
line A D = M B = r and from the middle E of the line joining D and M erecting a perpendi* 
cular of which the point of intersection Jf^ with A D produced is the centre of the circle 
tangential at the point A, 

If it be required that the radii of both circles shall differ as little as possible from 
one another, then— Fig. 3— the angles C A B = ex and C 2? ^ = /9 are to be bisected by the 
lines A^ F and B F, and the line F I) drawn perpendicularly ioAB from the point of intersection 
Foi the bisecting lines to intersect A M^ and B M, perpendiculars to the tangents A C and 
B C in M^ and M, which are thus the centres of the circular curves of which the radii differ 
as little as possible from one another. 

To demonstrate this, note that the angle A F B or A O B formed by the chords of 
the two curves, whatever the radius of the curve may be, is always equal to 

Therefore if a line A Q is drawn at an angle ( n ~" *) ^^^ *^® ^^^^ A BjB line B O from B at 

an angle (-^ + x) with A B then the point of intersection, 0, is the point of contact of the 

two circular arcs of the compound curve, of which the centres / and H are obtained by 
erecting perpendiculars in the middle of the chords A O and B O. 

Calling r the radius H B, and B the radius A J, 

then ^G = 2jBsin(j + ») 

BG = 2rsin(|-aj) 
r BO «^^(i + ^) 



therefore R^ AG 



sm 



(f-) 



[* The adTantages of which do not nppear to be sufficiently well.known in diBtinotively BngU«h praotioe, where it 
appean to be still coriKdered " a fad " and " nnpractical." See Appendix— Te.] 



BG 
or, since -r-^ ■ 
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8in(|-a,) 



Sin 



(I-) 



Bin (7: — x] sin ( n^ + « I sin* 5 — sin* cr 
therefore ^ = V _^_^__^ = .,^ .. 

sinl ^ + »J8in/^ — ajj sm' ^ — sm' » 

which expression is a maximnm for a? = 0. Q. E. D. 

The values of r and B corresponding to the given condition, patting A B ^ p an J 
il C JB = 7, are 

r = 



2 . j8 y 
sin ^ cos ^ 



and 



«=« "°^ 



2 . a y 
8'n ^ cos 2 



If two curves spring from the Same side of a short intermediate straight then, as 
laid down in § 17 of the '^Technische Yereinbarungen/' when the intermediate straight is 
less than 40™ the superelevation of the curves is to be carried-over into the straight. But as 
a general rule it would be preferable to replace such short intermediates by a third curve, thus 
producing a compound three-centred curve. 

As shown in FJg. 4 if B^ is the radius assumed for the third or middle curve its 
centre O will be obtained bj the intersection of an arc of radius ^^ — JZ and centre E with 
an arc of radius £| — r and centre F. 

Sometimes it is desirable to produce the tangents A K and D L to their intersection 
in W and to describe a compound curve from two centres within this angle, A W D, accord- 
ing to the method already described. 

If the two curves spring from the straight in opposite directions, then as laid down 
in the ''Technische Yereinbarungen '' the length of this intermediate straight between the 
superelevation inclines of the outer rail must be at least 10". This rule holds both for 
Secondary and Local lines. 

On the Gotthard Railway* the length between the two superelevation-ramps of the 
outer rail in intermediate straights between reverse curves was fixed at 40'". This length 
which holds for the sharpest curves also may be decreased for curves of greater radii. For 
curves of more than 2000™ radius the intermediate straight may be wholly omitted. 



• Holwag : Die Bahnaohie and das LAngenprofll der Gocthardbahii. Zurich : 1876. 
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§20. 

Transition-Curves. * 

Tcansition-curves depend on the amount of the superelevation and on ih^ length or 
distance in which, the- superelevation tails out : accordingly rules are required for locating 
these carves, 
lu § 17 of the "Technische Vereinbarungen '* it is laid down that 

" In curves the outer rail is to be snperelevated above the inner one by an 
^' amount^ depending on tho maximum velocity permitted on the section of the 
'' road in question^ such that the wheel-flanges shall attack the inner sides of the 
" rail as little as possible. 

''The snperelevatioD of the outer rail shall have its full amount at the 
'' commencement of the curve. The superelevation is to run out to zero in the 
'' straight or in the parabolic transition- curve in a distanco which must not be 
^'less than 200 times the amount of the superelevation. 
The above Regulations apply equally to Secondary lines and to Local lines. 

It appears desirable to extend the length of the superelevation-ramps beyond what^ 
the " Technische Yereinbarungen '' has fixed as the minimum distance. On the Gotthard 
Railway the length of these ramps, and consequently^ the length of the transition-cusves, on the 
mountain sections on grades of '026, was fixed at 40"*; and consequently, with a superelevation 
of lOO*"* in curves of 300" radii, the superelevation-ramp was 400 times the superelevation 
For the approach lines on grades of '010 the length of this ramp was made as much as 80"*, 
and consequently for a superelevation of 150""" in curves of 300™ radius, it was 533^ times- 

the superelevation. In curves of greater radii the transition-curves were reduced in lengthy 
and in curves of 2000'* radius they were omitted altogether. 

. The superelevation required by the "Technische Yereiubarungen '* to reduce the 
grinding action of the flanges on the inner-sides of the rails is a quantity, h, which has the 
same ratio to the gauge as the centrifugal force C to the weight Q of the vehicle, namely 






Or since for a velocity of v m/sec. aud for radius iJ™ 

C = 

therefore ^ = -ji-g 

Putting the width of gauge, m = 1'5", acceleration of gravity g = 10, (approx.) 

then ^ = jg 

For the maximum velocity of 90 kg/hr, or 25 m/sec., the superelevation would be 
^^ : for lines having no express service and a max. velocity of 60 km/hr. or 16| ro/sec. if 
would be 

and on Local lines and for velocity of 20 km/br. or 5f m/sec. 

, 4-5 



and generally, h = 






[* See Talbot : " The Railway Spiral :'* and Crandall : ''The TranBition Carre— by offsets and deflexion angles" 
New York : Wilej. 1899. These are probably the beet works extant in English on the inbject. Se«9 mIsii ** The 
Engineering News,*' New York, panim for seyeral yftars past.— Tb.] 
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Usual] J the superflt^vation is run out on a straiglit nacending ranip or incline on 
tlie outer rail, the inner rail being unftltered in position. But it is preferable to raise the outer 
rail^ as is done on the Gotthafd Uailway, by only tht*haif eoperelevation and to depress the 
inner rail by the same amount. The advantage ol this is that during motion the li eight of 
the centre of gravity of the rehicle remains unchanged. 

If there be no transition-curve the superelevation is carried out wholly in tbo 

adjoining tan gen tj so that at the comra^^rjoeraent of the curve there shall be the full amount of 

superelevation. But when a transit ion-cui-ve ist emj>loyed half the superelevation ouciirs 
at the original initial point of the curve* 

The form of the transiuon-curve ia determined by the condition that the radios p 
shall be everywhere and at each point that corresponding to the actual rail-superelevation at 
the point as given by tlie expression 



sad accordingly at the initial point of tbe ramp p = oc^ and at the junction of the transition 
with the circular curvCj p = L\ 

If in— 'Pig, 5—0 be the centre of the circi*lar curve £ /> of radius € B ^ CD 
^ Rj and A B the tangent to the same, then in order to insert the transition-curve E J F D 
the tangent must be di!^placed outwards by a certfdn amount -4 E^B K^O F = U 
(the *io-caUed *^ shift "). Taking this now position of the tangent as the axis of jr, and neglecting 
the difference in length between arc and chord— which in the present case is perfectly 
permissib!^^ then ut the point P of the transit ion -curve the superelevation is 



and to determine the curve radius at this point P the condition 



mnfit be fnl filled, viz. 
For brevity put 



1 I 

p c I 

— : then — = - 

9 P <J 



Since for Main lines the coefficient c for rail-snperelevation generally lies between 30 and 00^ 

and the gradient of the superelevation- ramp between ^^ and j^, q will be between COCO 

and 24000 for M-iin lineSj and for Local lines between 1000 and TOOO, 

1 , d*tf 

Putting — as approximately = ^^ ^ 



from which, after twice integrating and putting the constants = o^ is obtained 



y = 



^q 



{18) 



This in *;he equation to a cubic parabola, and is admittedly only an approximately correct form 
of transition -curve j but is sufficiently correct for all practical purposes. 

The end-ordinate of the transition-curve y^^ D F is thus 

05 
whereas the ordinate of the circular curve at this point referred to the original position of 
the tangent A B Q m 



Fig. 5. 







J N H 



^7 

«tad since B Qss R D ■= ^,yre baVe snflBciently acoorately 



^« - O 
and since ^ = — , the above may be written 

I* 

Thas in order to lay-in the transition-carve the original tangent mnst be shifted outwards by 
an amount 

or w «= 771— ••• •.. — (19) 

or since ^ ^ d 

« = 245« • <2^^ 

The ordinate J Kol the transition-curve at the original initial point of the circular curve is 

g^ven for » ^ o"* ^^^* 

JK- '• -" 

in otiier words, the transition-curve opposite to the original initial point of the oirde lies half* 
way between the circle's tangent and the transition-curve. 

* For example — 

let « - 60, -^ = i, and thua g = 16000, 

the equation to the transition-ciirye is v *" gnooo ' 

whence for • - 10m y - -Ollm 

« 20m « •069m 

a 80m a -aOOm 

a 40m B ^llm 

» 60m . l-889m 

- 60m » 2-40m 

V 
The ''shift" ontwards of the tangent is 



360000 

Thus for a circnlar arc of 600m radios, 

60 
when I- 300XgQ^-80m .., tr- •076m 

For a circnlar cnnre of 876m radius 

60 
wherel-aoOX r=? -40m ... ti » -HSm 

B7o 

For a circular arc of 300m 

1=300 X ^ = 60m, w m •847m. 
And for a circular curve of 260m 

or Z » 300 X 5^ = 60m u - -eo^m 

Instead of moving the tangent into a position parallel to its original one it may be 
sometimes preferable to rotate it about some point in itself. 

Suppose the tangent A B — ^Fig. 6 — ^be rotated about the point A, then the initial 
point of the curve moves through the angle TS frofh B to E^ %.e,, through the distance BuiaW. 
E FvB then u and therefore 

B G = ti + * (1 — cos ©) 

^ ^ . 12sin*l9 

or approximately, B (d^u + — ^ — • 

15 
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^e Ragalir i'otAtioii 9 most afttisfj the eqantion 



Bin® ^ 



BO 
IB 



or, puttmg AB ^X, 



whence 






for which may be sabstituted in most cases— if X be not too amall^ 

u 



(2J) 



Whence the " shift '* of the ourve'e initial point from B to E is 

X 

Instead of either a lateral translation or a rotation about a point in itself the position of the 
tangent may remain Qoohanged^ tht» curve's centre being moved inwards on the bisector of 
the central-angle » of the giiiaQlar, ^p 1^ the amq^jb 



^nsing a displacement of the initial poiot of the carve of 

n tan - • 

Finally^ while maintaining the positions of the tangent and of the centre of the curve 
nnchangedj the length of the radius may be dimiaished to allow of the insertion of a 
transition-carve. Decreasing the radius B by the quantity uhas no noteworthy effect on the 
form of the transition^urve* 

The length of the transition- curve 



&il X 



Increases with a decrease of the radius B, so that there are certain cases of small radii and 
gmall central -angles in which the length of the circular curve is not sufficiently long to 
completely effect the transitLonj since there must be a piece of the circutar-curve between 
the ends of the transition carves in order that the aaperelevation- ramps of the outer rail may 
not meet in a point. 

In such cases there is nothing hut to increase the length of the radius of the clrcnlar 
carvej which can easily be done with short curves. 

For tnsiance^ if, the coe^ifi^t g^ ISPOO, vad the centra* angle a => s^, then for a rviiaa of 800n 
the length of the circular arc would be 42^ * whereas tbe lengrb required hj tho lrafiaitioD-eBrT« — th« 
two halrea of which take the place of the circmlar-carro — is 50*^, 

By an iucreaso of tbe cnrt'e*radiaa to SSO^ ihe length of the cironlar are beeomea 4^b>- and that of 
tbe tra&Bition rurre 42'9iUj so that now between the apexes of the super eleTatlon^ramps there is a piece 
of circular are of 6*1™, Incrcasiiig tbe curve-radius from 300 to 350" would, were the poaition of 
the tangent unchanged^ oulj result In a disf^lac^ement of the apex of the enrre b;" '13£°> mwarda, and 
heuco would not preatj&t aoy practical dtfli col tics. 



Between reverse-curves a somewhat longer intermediate- straight should be arranged 
for when locating to provide for the loaertion of traositton-curvesj say li timps as long as the 
average length of the two traneitioa-ctjrves. 

If the intei mediate straight is to remain unchanged in position as a tangent to the 
two circular-curves then either the centres of both must be shiftedj or their radii must be 
decreased. It is generally simpler to rotate the short intermediate-straight through an angle 
W which is given by the expression 

X sin 15 ^ w + i/j + (fl + Bt) (I — cos©) 



wbidi ni&f be replaced b j 

Xsiii s =; « + i*j + f - "^ M sin* ET 
or in moat cases sufficieotlj accaratelj bj 

U + fli 



ainSf s 



(22) 



where X is the length of the intermediate-straight between the original initial points of tb 
circular-curves J u and u^ are the requisite shifts of the tahgents of the two ciroular^cnrveSj 
and M, iZ^ the radii of the said corres. 

The initial points of the ciroalar-caryas owing to tbe rotation of the iatermediate- 
fitraight approach each other by the distances fi siu 2D and £^ din Z3 — Fig^ 6. 

Wot ex&mple— 

let K =^ 300», B, = 25m q = 16000, m « Uf, u^ = 600, X « 76, 

then Bin » a *12S^ 

ftad the dgcr««ie in lecgtli of tlie ititcsnacdiaic-stragbt U 

250 X 125 + 300 X '1S6 - 6'&3ni 
•o thfti between thA initial poltitfl of ihe GG°^ &tid 60°> trmnfiitlon-cofTM there ib mdj & itnigbt of length 

76 - =-^J!9 - 698 . 1307m 

If two 'cnrres' of radii R and r be on the the same side of an intermediate-straight 
of bat am^l length the transition^cnrveB maj intersect each other at an obtuse angle, as shown 
in Fig. 7, 

Bui this angle may be replaced bj a cnrve in which the rail-superelevation ia 
constant. Thus, the centres of the circular*ctir?ea C and D are first moved inwards from 
the intermediate P Q b j the amounts respectively of 



= 2& and«. = 247^ 



II S 

The poittt ot the intersection, Q, of the two transition- curves then falls in the middle between 
the initial points J and F, whi?h points are distant from each other, / i/ = sr. 

The radii of the transition-curves are equal at the cnrve-pointa F and JK" of which 
the abscisscB are J and I/j namely 

Also the angle of the tangents at these points and therefore, the angle of the curve-radius 
with the vertical is the same, viz, 

The projection of the transition-curve radius on the axis of abscii^ce, .t.e. p sin /?^ cau with 
sufficient exactitude be written 

a tan a ^^ — * t:— ^ — • 
P '^ s» 2} 2 

Accordingly, the curve-radii, p, of both curve-points F and K meet in a point from which 
a circular arc may be described meeting the transition-curves tangentially iu the points P and 
K^ On this connecting arc the superelevation -ramps, which do not extend to its end j are joined 
np by a length on which the superelevation is couatant. 

In proportion as the intermediate-straight is made shorter the point F^ in which the 
junction-curve joining the two transit ion -curves begins^ moves nearer to the point E in which 
the transition-curve meets the circular-curve of radius B, until in the limiting position the 
two points coincide, and the centre of the junction ^cttrve coioeides with the centre C of the 
circular-curve, and its radius becomes Bt There then remains only a single transition-curve 
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formii^g the transition from the circular arc of raditts B to that of radius r, nud thus tba 
traDsitioti-ctirve between the two circles becomes a compociiid-ciirv8t 

The length of the tratisitioti-carYe is then 

Tlits pomt of commencement B of tbe smaller circular-curve of centre D and radius r — 
Fig. 8 — must then be sprung back, as it were, towards the end Koi the larger circle of centra 
C and radius li by the amouut i! K^ or 

g* / 1 1 \» 

''^h\7''Ic) " ^23) 

atd the half E J of the transition-curve E J G then replaces the curve of the larger radiuSj 
and itB half J G replaces the arc of the smaller radius* Tbe ordinates of the transition- 
curve BiitB — from Eqn# 18 — 



measured inwards from the larger curve on which, with E as originj the abscisaoe are laid*off. 
At the transition-point of both circlesi the transition-curre at the point / is equally distant 
from the two circles. 



For example : 
it 

then 



r M 30D»w, R = lOOO™, 
15000* 



q ^ ISOOO; 



24 



V3oa 1000/ 



iimd the leo^tli of tK^ traiuitloa'curre ia 



15000 /^i- 



)00/ 



S5n, 



The ordinfttei, to bo l&id*off ixiw&rda from the drcle of r&lrjs 1 000"^, on whkh lattor the «t>ioiaioQ- 
Vkt9 to hB moosuredi aro^from Kqn. 18— 

V « 'Ollm^ f<>r* = 10" 
y ^ *0G0™, sjf = IT^ia 

y = *174^, B =- 25D1 
y = 477«>, » = 35iD* 

Helmert in his work "Railway Transition-cnrves ^^* treats exhaustively of tljp 
calculation and laying out of trsusition-curves for all possible cases; thus he gives for a caaO' 
whero the circular-arcs of the compound* curve meet tangentially with one another ten 
methods of inserting transition-curves. But the t ran sit ion-cur ves thus obtained are of 
little value for practical use, since they are very long and made up of three different parts* 
Either the transition- curve springs from the circular-curve of greater radius outwards, with 
nu increase of the curve radius and decrease of the rail-superelevation, ps^ses into a circular- . 
carve with larger radius than R and with constant height of superelevation, and from this 
^igaiin with decrease of curve- radius and increase of superelevation into the circular^arc of 
radius r; or, the transition-curve springs from the circle of radius r inwards with decrease 
of radius and increase of rail elevation | then passes into an arc of smaller radiife than r and 
with constant rail-saperelevation, and from this again with increasing radius and decreasing 
613 per* elevation into the arc or of radius B. 

Manifestly, for practical use the most suitable transition-curve is one which leads 
from the circle of smaller radius to that of the larger one with a continuous increase of its 
I'aditis, which is neither smaller than r nor greater than Bj and with a rectilinear and decreas* 
ing superelevation longitudinally. This, the most simple and most effective arrangement, 
is attained if the initial and final points of both circles are moved towards each other in the 
direction of their radii in the manner indicated in Eqn* 2B, 



• Amhen, 1S73, bel J* A. Sfejer. 
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§ 21. 
The Choice of Curve- Radius'. 

As regards the magoitude of the curve-radius the "Teohnische Vereinbarungen *' 
lay down, § 3, that : — 

''The radii of curves in the line outside stations are to be as large as 
''possible. Radii ander SOO" are ou)y exceptionally permissible. Curves of 
"less than 180™ are in no case permissible. On steep grades the curves, if 

•. '' any, are to be.as flat as possible and change of grade should be effected as 

.. "far as practicable in the straight.^' 

The above Regulation applies also to Secondary lines whereas the " Regulations 
for the Construction and Working of Local lines '^ lay down that 

"The radius of curves on normal t^^ack^ on which Main-line vehicles ex- 

■ •* 'I 

'^ clusively run, shall not be less than 150™, and in no case less than 100°^ : 
"and on lines of narrow-gauge the curve^i'&dins shall be of a length suited to 
" the width of gauge and the roUitig-stock, and as a rule for l'^ gauge shall be 
"not less than 70™; and for a * 75™ gauge the radius must not be less than 
"50™. 

"On Normal-gaufi^e lines having special types of roUing-stook a smaller 
"radius suitable to such stock may be employed. '* 

In order to determine the working-expenses due to curvature it is necessary to know 
whether the curves occur on "injurious" or "non-injurious" grades since, as was shown in 
§ 10, the increase in working-expenses due to curves on "injurious" grades, where they 
only occasion an increased consumption of steam in one direction are only half as large as 
on " non-injurious " grades under equal conditions. 

If the radius r of a curve of central-angle a be increased to fi, the length of the 
curve is increased from oc r to « it, but the work done in overcoming the curve-resistance is. 

c c 

constant, and is-ar = 7;aB = ca. 
r si 

The trace, however, is shortened — see Fig. 9— by 

X = (iJ — r) (2 tan^ — a j 

If the maintenance-expenses per km. = TJ the working-expenses per pajfing-load tonne-km. 
are, according to Eqn. 10, in pfennigs, 

& = -56 + 2^ 8 + 39| «i 

fljid per passenger tonne-km.— from Eqn. 11 — they are > » . ,. 

k = -973 + lOJ » + 29i «, 

in which s is the ruling gradient of the line, and «^ the gradient of' the particular section 
of the line under examination. 

If T tonnes of paying-load and P passengers are carried annually then the mainten- 
ance- and working-expenses on the flatter curve from A^ to B^ of length l^ and grade s^ ii, 
neglecting curve-resistance, 

B^^h\u+ r(-56 + 23i IT + 89f irj + P (-973 + lOf ir + 291*,)] 

And if the difference of height between A^ and F^ is h, then it s^ =3 h, and 

S, ^h[u+ T{'56 + 23i«) + PC973 + lOf*)] + (89f 2^ + 29^ P) A. 
16 
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The same items of cost on the length A^ A B D^ — Fig. 9- — with the sharper curve arc 

flfj = Z, [CT + r (-50 + I^ 8)-\- P (-973 + lOf *)] + (39f T + 29^ P) h. 
Consequently, tha saving due to the sharper curve is 

E^il^-- I,) [f/'^ r(-56 + 23|«) + P(-978 + lOf ^)] ... (24) 
or, inserting the previously-given value for the shortening, X = ig ^ ^i 

J5 = (R - r) (2 tan^ ^ «) [l7 + T(-o6 + 23|«) + P(-y78 + lOi «)] (25) 

This saving is thus entirely independent of the grades of the section. So long as the saving 
is larger than the interest on the extra capital-outlay in flattening the curve this flattening 
is advantageous. 

For example : sappose V » 3,000 M. « 300,000 pfennigs, T • 600,000 tonnes, P « 400,000 passen- 
gers, 8 « "01, a « (V0° =■ 1047 in circular measare, tan ~ « "577 

then the saving in Marks would be 

E - 1-29 (B - r) 

By employing a radios R ■■ 400«n instead of r ■■ 300™, thus shortening the line by lO'T", there would 

be a saving in maintenance- and working^expenses of 129 M. If the capitaI>cost of flattening of the 

129 
ciunre were not gn^ater than -^zrr — 3,22o M. then this flatter curve of 400n> would be the better 

investment. 

If the central-angle of the above curve were 90^ instead of 60**, and its length consequently 1^ times 
greater, then the saving by increasing the radius would be 4 times as great. But were the central-angl& 
80^ instead of W*, and the curvQ thus half as long, then the saving would only be ^th. 

Consequently^ it is more advantageous to flatten curves of large central-angla 
than it is to flatten those of small central^angle ; and further^ the heavier the traffic or the* 
Jaeger the ruling gradient the more imperative the flattening. 

In the foregoing the circumstance that the wear of rails and wheel-tires increases 
very largely as the curve radius is diminished has not been taken account of because at 
present available data are wanting. However, in view of this fact the advantage of flattening 
curvature is considerably greater than that arising from shortening the line. 

On mountain railways, where development of the line will usually be unavoidable, 
it is only the saving in the wear of rails and wheel-tires that has any weight in diminishing 
curve-radius, since the shortening of the trace has to be made up for in other parts of 
the line. 

Since in hilly sections the traclive-force of the locomotive is fully worked-up to, 
the ruling gradient of the straights must in curves be diminished by the amount of the 

curve-resistance, c = —. 

In any curve of length X = a r the height surmounted is 

ss Xs — a 

And since X « s & is the height that would be surmounted if the length of the cunre were so 
much straight line, the height hi surmounted in the curve is consequently less than that 
surmounted in an equal distance on the straight by the amount of the oentral-angle expressed 
^ioircAlar me^su^. 
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If the gradienti «| of tha straight be dimimshed in curves by the amount of 
the curve-resistance then the length of tre.ce requisite for the surmounting of a given 
height is independent of the curve-red L If a be the sum of the centre 1-angles of all 
the curves expressed in circal3r measure, then the length of the trace is increased 

by 2 metres; or if the sum of the central-angles is a'^by 000018 -km. The curve radii 

are therefore simply to be so chosen that the sum of the interest of the construction-cost of 
the line and of the cost of wear of rails and wheel-tires shall be a iranimum. 

But both in location and in the working of the line it is a nuisance to have changes 
of grade at the commencement and end of curves ; accordingly in flat curves the gradient of 
the straight is frequently continued unaltered into the curve. 

In this case to obtain the ruling gradient the resistance of the sharpest curve in 
which the gradient of the straight is continued unchanged is to be added to the latter gradient. 

The radius of this curve may be termed the normal or ruling radius. 

In curves of smaller radii the gradient is simply reduced by the amount of the 
difference of resistance in the curve and in curves of the ruling radius. 

For example : suppose a gradient of *025 were carried oat in cnrres •£ WO'"^ radius (lowest limit), 

then since the CTirrft-resistance c » ^— ■> 002, the ruling gradient would consequcntlj be 

i>U0 

» - -025 + -002 - -027. 
In sharp carves, for example of 400"> radius, ruling gradient would be reduced to 



: nd in curves of 300>n to 



•027 -^« -0245 ,• 



•^^-4=- •^2^- 



However, the advantage arising from diminishing the number of changes of grade 
in the line which the use of a normal radius gives is purchased at a quite disproportionate cost. 

If the trace can be located without prolonging its length then the adoption of a 

normal radius of r^™ increases the ruling gradient by — , and consequently — according to the 

formula of § 13 for the working-expenses, for T tonnes of paying-load and P passengers per 
annum per km. of the section — increases the working-expenses by 



^=ife(2»^^+^^^^)r„^- 



Thus for example : if T - 400000, P « 300000, r^ « 500, 
V « 300 M. per km. 

The adoption of a normal radius if a given heiglit h has to bo surmounted by leng- 
thening of the line is still more costly. 

If *i be the stiffest gradient ever in a curve of the normal radius Tq then the ruling 
gradient is 

In the straights or « 'tangents'* of which the total length is Z^ a height h^ = «^ /^ is sur- 
mounted; whereas had the ruling gradient 8^ been used therein, the height surmounted would 
have been h^ s l^. 



• Otherwise thus : curre of 500n, resist. » *002, gradient » -025 
„ „ 400«, „ -^OOeS „ - '0006 

Diff. » '0005. •-. gradient • '0246. 



In a curve of radius r^ greater than the normal radius r^ and of which the central- 
angle in degrees is ofj the height surmounted Wj in km. 

' h^ - -000018 c«, ri«i ■ ' ' 

whereas if the gradient * -- — be used a height might be surmounted of 

^i 

/*3 = 000013^1 ri(»--^)' ■ 

Thus in this eurre there would be an extra height surmounted oE 

'000018 cr^ fj {s — 0^) — -000018 a^ 

or putting ihe length of thia curve '0CO018 a^ rj = i^, tha additional height gained 
would be - - 

/a(5— Sj) --000018 a ^ 

In the tangents the additiooal heiglit could be attained of 

Putting ci for the sura of the central -angles of all curves having a greater radius^ than the 
normal radius, and Ij for the total length of all thes^e curves and ol all the straights then 
abandoning the employment of a normal radius an additional height could he attained of 

h^ = ; (^— «i) - '000018 a. 

A.S the height t-o be anr mounted is given, the developmeut-Ieugth might be diminished bj an 
amouutj ijorre^^ponding to this additiouhl height, of 



or by 



x = ,(,-'.)- 



OOOOIS 



For this length of line the annual interest on capital -cos tj maintenance of wayi and the annual 
working-expenses depending on the height of the ascent might be saved. The saving for T 
tonncb of paying-load and P passengers in M, per km. amounts to 



j^ (-66 +23i.)+j^^ (-973 + 101.) 



Accord inglvj if instead of adopting a normal radius in all curves the ruling gradient were 
diminished by the amount of the curve-resistance the total saving would be 

E=[Ai+U + ^^{-bG + 2-ai,) + ^^(-073 + 10^,)] [/(l-^-)--00O018^J (26) 

. For example t flappoee a gradient t ^ = 025 be carried unaltered throtif li cTtrrci of gOOoi radim 

tbua givitif^ a ruling ^r&diijnt of 

.-■035 + ^^=.27 

Tbcn if tliij total length I of tJio straiglita and currea of radii grefttt-^r tlian SOOni b I5 icin,^ the Ham 
of tlie centraKangka of iheae cmrvea ^ 400"", ajid the goode tmffic5 ^ 40,000 tonneft pajing^lcwd and ^ 
300,000 pfifEj^ptigerT also the kro.-cost of conslrucTtion ^1 1=^ 300^000 M*^ the mairibeaanca per km* U 3 
3,000 M,j II ud the r«t« of inteJf^Bt * •* '04 — we obtain — Equ, £6^ 

E « 19,SS4 M. 

Accordingly, on the basis of the above calculation, it may be asserted that : The practice of 
employing a normel radiafl is wrong; instegdi the maximum grpde fiied for straights 
ghould be raducdl in curveB by the amount of the curve-reBi&tance. 

However, it must here be remarked that the above investigatioii 13 not quite exact 
for very flat cnrres, because in these curves the resistance is less than -^, For euTvm of 
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radii greater than 1000"" or li200"» the increase iu train -re sis to nce Is scarcely appre- 
ciable; go thnt these curves and all flatter ones should be treated in the calculations as 
simply straight liaes, 

Curves shoald always be avoided where possible, and when employed their use 
should be justified by a saving in the cost of construction. 

Where development of the line is necessary there is an additional disadvantage 
arising from the presence of curves, in addition to the wear of rails and wheel- tires which cannot 
he exactly noraerically determined, viz. the increase in train- resistance and consequent increase 
in working-expenses* If by flattening the inclination of the straights to each other, (and so 
diminishing the lateral width occupied by the location,) the central-angle of a curve of radius r 
and, eonsequentlyj its length can be diminished by a* and 'OOUOIS a r km., respectively, then 
in the transport of a tonne there is saved the work represented by 

'000013 a r ~ = 000018 a tonne-km- 

T 

And since the lo.iomotive-expenses for the performance of a tonne-km. of work are \ M., the 

savins in working-expenses is 

^000004^ « M. 

This saving accrues only in the up-hill journey on the sections of the line having '* injurious" 

gj-aJes — wiiich latter must always occur in a line artificially developed] and therefore for the 

journeys in both directions is about 

00000225 o( M, per tonne. 

Fur the transport of a million tonnes— including the weight of the locomotive — the annual 

saving for a reduction of ot^ in the sum of the central-angles of the carves is 2*25 a M* 

On lines which are located wlthoat development^ whenever a curve is avoided there 

is beside the decrease in the train-resistance the further advantage of a shorter line. Thus 

comparing the straight line ABol length ^i^Pig. 10,— with the curved line A FGHJB of 

which the length l^ is greater by X than the straight A B, there is, Erstly, the saving in 

maintenance and in working-expenses independent of curve-resistance and of ascending grades 

given by Eqn. 21, and, secondly, the advantage due to getting rid of the curves -4 F, G F,and 

/ B, of which the sum oE central-angles cr^ + o^ -(- ^^ = a. 

If the suta of these angles is expressed in degrees then the cnrve-reBistance in tonne^kms. for a 

total irro3s4oad Q tonnes is 

•000018 a Q. 

Since the performance of a toune-km, by the locomotive costs i M. thea by the curves there 

is a saving of 

■OOOOOWaQM. 

If the section of the line is on ^' non-injurious " grades then this saving is gained for the traffic 

in both directions; whereas for sections on ^^ injurious" gradients this is only bo on the up- 

journey, and therefore the saving is only the half. 

The total saving in maintenance and working-expenses due to the cutting-out of 
curves le therefore 

£ = X [t; -h j^ C56 -h 23|#) -J- ~ (^973 -h 10|O] + ^0000045 a Q... 

and when the section is on an "injurious^' gradient the last term is to be halved. 
For oiaMplfi : 



..(27) 



Let i = 0027, f ^ 400^000, P « 300,000, t* = 3D00» Q. including wtigJit 

<rf engine - 2200000, X =* -03 km, a * 100^, 
then E - S4l M. 

The line oootipjlug Iom ground j^temllj would thus he preferable eren if tkeconttmotiQnMK^Btaf c^rryiug 
it out were incrofta«d bj 

?g- 21,000 M. 
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§22 

The Vertical Elevation or Grading of the Trace- 

For the grading of the trace the "Techniaohe Vereinbarangen " ky down the foliow- 
Ing BegnlatioBS which hold equally for Secondary lines. 

§ "2, The maximum gradic>nt In Main lines shall as a rule not exceed 1 :40. 
*^The change of grade is to be effected during construction by as flat 
''curves as possible. Between anticlinal or between synclinal grades of 1 : 
"20O and above, an approximately level piece^ equal if possible to th& 
"length of a goods-irain^ is to be inserted. 

§ "9. The crown-width at the height of the nnder-sides of the rails shallj — 
'* except for the line in dyked land, — as a rule be laid at least 000""" above 
" the highest-known flood-level. The under-side of the ballast shall under 
'*all circumstances be so situated as to be completely drained* 

7 ''53, Stations shall, as a rule, be on straiglits and on the level; and in no 
'' case — excepting sorting sidings, branch- tracks, switches, and fly-sidings— 
'* on a stiffer grade than I ; 4C0. 

"The length of stations shall be made sufficient to accommodate of the longest 
" train in use on the line. Where very long trains have to cross each other, 
" the end switches may be laid out on grades stiffer than I : 400," 

For Local lines the ^' Grundicuge ** of 1887 lay down as follows ; — 

§ '* 2 — Grades as a rule are not to exceed 1 : 40; any greater than 1 : 25 are to 
'*be discouraged. 

" Changes of grade are to be effected by circular arcs of not too small radius. 
"When it is practicable without tlifficulty such a radius should bo at least 
"5000™, and as a general rule 1500"^ should be the minimum. Ojily at 
" level -crossings in stations is a radius of 1000*" permissible. Between 
"reverse grades intermediate lengths of level are desirable but not impera- 
" tive. 

§ "11 — It is recommended that the crown*width of the road at the height of 
"the under-side of the rails be placed above the ordinary flood- level; it 
"maybe placed without any hesitation below extra-ordinary and rarely- 
" occurring flood-levels. 

§ " 32, It is recommended that the gradients in stations — except in the sidings 
"be not greater than 1 : 400: for smaller intermediate stations and flag- 
"staiions stiffer grades are permiasible/' 

The degree of the longitudinal inclination of the trace is to be expressed in the 
form either of a vulgar fraction or of a decimal fraction, or in per cents., or in millimetres 

per running metro : so that, for example, a grade may be indicated either as ^^, 025, 2{%, 
26»/^ora8 250%^, 

The trace is to be located both in plan and in elevation as a series of straight lines 
connected at the apexes by curvf s as laid down by the Kegulations. 

If the grade 1 1 passes into the grade tf| at the point W — Fig. 11 — then if B be the 
radiua of the connecting onrve, and making A W =^ B TF == f, 

BD= (tj '- #,) (, and 2 JJ. B £> = 4 *» 

whenee * ~ 2 ^*' ** '*J* 
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At the apei of the angle tlie ainoimfc of the riae ^ TT is sufficiently accuratelj given by 
B D ^u ~ *i J -E / ,3 

Thus if the rounding-off cunre-nidiuB R « lOOOOm^ And th© gradienti i ^ ^ '005, s^ ^ *02S, tben 
the length of the tAngout or " toDg^Jntia) distaiice*' of the rtjunding-off cnr^e be wotild be t ^ 100n>, and 
E IF wotild be = "Sm, 

When so large a radius for the rounding-ofE curve ot the grades h adopted and 
when the difference in the grafles is great, the roun ding-off of ths gradients must be done 
at the time of throwing up the earth work. Bat if the change from one grade to another be 
less sharp then even with a large radius the rounding-off can be carried-oiit in the platelajing. 

When grades are short the features of the ground can be more closelj conform cd to, 
find thereby the construction-cost diminished : but, on the other hand, the working of the 
traffic will be more difficult, since every change of grade, if ike vdoeitj/ is to remain 
coii^tantj makes it necessary either to vary the admission of steanij or to vary the firing, or to 
employ brakes. 

The nuuimum permissible distance between a change of grade is, aecordingly, depeod- 
enfc on the speedy since the regulating of the locomotive tractive- force would not be more 
difficitlt on a Local line, at a 5" speed over a length of grade of 500"" than on a line on 
which the velocity was 14™ in a disiance between grade-changes of 1400"*, or than on a line 
with express service of 20" velociLy over a grade-length of 20U0"^. 

It was formerly the opinion that the length of tlie maximum grade on mountain 
lines should for safety of working be limited to a definite figure* On the Semmeiing Incline 
this was fized for a grade of 2'J^jm at ^160™, which distance was always to be succeeded by a 
level or slightly rising piece of 500"*, But nowadays, there is nr» hesitation in making gradients 
of much greater lengths, although the presence of stations frequently causes a break in the 
ascent. On the (lotthard Line on grades of iO"'/^ the stations occur at distances apart of 8 or 
9 km. 

While the grading of the trace is made in general consonance with the rules laid 
down in the ^'Technische Ve rein bar un gen " it la at the same time dependent on a variety of 
circumstances amongst which the cost of works to Bub-grade, the hydraulic conditions, the 
presence of roads, the position of the statlonSi the working of the traffic have to be given 
their appropriate weight. 

The coat of earthwork is usually, if not always, cheapest when the fills and cuts are 
made to balance each other. If there be a deficieucy of earth of volume Q cbm. on a Section 
of part the line where the bottom area of all the banks is D ares, and the original upper-surface 
of all the cuttings is A^ares, and where therefore recourse would have to be had to side-cuttings, 

then by lowering the trace in the bank^aections through an average distance of -^ cm. the 

necessity of having recourse to side-cuttings for earth is obvintedj and the rt&ulting equalisa- 
tion of the cuts with the fillsinakes a saving in cost by the amount of the side cutting. Stich 
a lowering of the trace over a section of the line, however, is not always possible. If it 
were desired to lower the trace uniformly throughout its whole length so as to balance the 
banks with the cuttings then the amount of lowering would be 

Q 



X = 



D + E 



centimetres. 



~T~ If the ozpensaof the borrow-pits per cbm, — inclusive of the labour in getting the 

oarth and the cost of the land — were a, and the cost of tho haul, inclusive of cost of 
excavation of the earth = i, then by lowering the trace m e/m there woald be saved a 
sum 



ce 



Cuserting tlie v^Iue of q& 



^=cG-i>fxO 



(28) 



E . 1 

As n rule the areas D and M are nearly aqoal, and therefore ^-—g will approach —$ 

£ki:i<l h will oot be less tliaa hi; whence the lowering of the trace fiutRcientlj to produce a 
l>£i,.laiice between the cuts aod iilb will in the majority of cases result in a aaving. 

If, on the other liand^ the elevation of a trace is such that the earth from cuttings 13 
in exeesi by Q cb» uu und cannot be made use of in banks and must therefore be led to spoil^ 
til en if the whole trace were so raised as to balance the ejirthwork in cuts aud lilb there would 
l>e ^ saving of 



^' = '2(»-i7|£'0 



Omitiitig rare and exceptional cases in which a lung haul m imperative in order to 
iKilauee cuts and fillSj or in which the earth from cuts can only be partially used in banks 
either becuuse it is un5:nited for the purpose or because it it moie profitably employed, for 
example^ as aand for mortar, ballast, stonej etc., or finally, when wide and deep pits aro 
employed as fences along the banks, the eleTation of the trace should be graded so as to 
balance cuts and fills. 

Deep ctittings «re, as to cost, advantageously replaced by tnnjiela. If A be the 
depth of the cuttings h its formation-width at the height of the bottom of the bnllaat, 1 1 m 
the slope of the sides a the price per cK m. of earth iucluditig price of land and labour in 
getting and haulage, then the catting per running-metre costs 

On the other hand^ if a tunnel for a length I co^^ts A per rucuing-metre and its two 

F 
portals P, then the cost per runuing-metre will be -j +J. Equatingthecostof cutting and 

tunnel the limiting depth is obtained beyond which a tunnel becomes cheaper than a cut- 
tiug, visE. 



'^ = ^2^ + V 4m^^ aml^ am 



(29) 



For eiamp]*^: if for & 2.tr^-k line A « 1,200 M., P - 20,000 M., a - 1 M, I ^ SOOm, b « I2m^ and 
tn s 1|; tliea h » 25'7*n. At tliis depth of fitting tajmelUng BhouW be commotieed, but the length 
of the tunueJ wtll not bt? obtaintd tJtajctly niJiil tbe Taluo of h hafj hvvn again determtntn], and nccoidingly 
the caJculatioQ nmy have to be ropoatod several tirai^Sj iiiBc!rtmg €?iieh timu the eincter ralue of L 

But independent of all quest ions of cost, tnnnels may be necessary as protections 
against landsbipsj rvtlanchcs, cas^adesj falling stones, etc. 

High b3tnks are advautageouslj m regards cost replaced by viaducts ^ the 
limiting height of which lies — ^according to the local conditious acd the type of bnilding — 
between 20" and SO'". But when the price of laud is hrgh, the limit is much lower; and 
in general for a single-track lino the limit is lower than for a double-track line. 

Thero also are other grounds io dependent of the co^t of construction which may justify 
the buildi Dg of a viaditet : for instance, in the neighbourhood of fortreases military considerations 
might preponderate or, when within towns, those of efitheties* 

As regards the hydraulic conditionSj the " Technische Vereinbarungen " for Main 
lines lays down that the height of the crown-width should be at least *6°^ above the highedt 
flood-lovol; whereas for Secondary lines no limit is fixed^ but it is only required that the 
crown-width of bank be not lower than the higljestHood-IeTeL For Local lines it iscousidered 
iiuflicietit if the crown width lies above the highest flood-level usually occurring, thus rendering 
It alwaya possibk tliat the bridge may be flooded by extra-ordinary but rarely-occurring floods. 



Tbe height of the trace as fixed by thejioiRegalati^DS soffieea als^ for tli© smaller 
water way e, which as open calvertfl spanned by ths rails inay,>3 necessity arises, be increased 
to openirgs of two or more spans. Where requisile snch openings may be built as gypllDnfi* 

Iron brilgefi rerjuire lesa height thaii stnne bridges to span the same openings. The 
under-side of the gii-ders should be at least I™ to I'o™ ubovre Ilood-level in the case of 
rapidly-flowing Etre&ms^ and this s^pace miiy I e ndnctd to "G"" for Ic-ss-rapidly runniTig 
streams, and for eanais to '5^ or in case of necessity even to '3^. In the case of navigable 
waters when the masts and funntsls of vessek avn be lowered, a clear height, according to the 
type of vessel, of 3^ to 4"^ above the highest navigable water-level is required. Where such 
heights of bridges a^ the above woald cause considerable expense, or wheil the lowering of 
masts and funnels is out of the qtiestiorr^ then the question of movable bridges presents itself. 
A clear height of 30™ is sufficient for the passage of the largest sea-going vessels. 

The distance in height between top of rail and the nnder-side of girder may be 
limited to '55™ or '6*" in the case of Bmall spans when the rails, rest directly on cross-girders 
of 'l™ to *45™ depth, or between the sides of a trough-grider over the top^ge of which the 
rnil-hend projects some '04'"* Even with the largest gauge and with the oi^inary fastening 
of the rail to the cross-sleepers, for iron bridges a height between the top of rail and the lower 
side of girder of '65*", is sufficient and for double-track one of 1;15", 

¥or stone bridges the springings of the arches are usually placed above the highest 
flood -level- With Femlcircnlar arches it is permissible to place the springings of arch about 
^th the span below high flood-leveU In locating the trace it is necessary to consider the 
distance from the top of rail to the crown of the extracts of the arch and the thickness. The 
former, assuming a depth of ballast of '40™ aad a protection of two layers of bricks laid 
flat, is to be made at least '7^ in tliicknea^, and the thickness of arch is determined from the 
formula 



.d = ^25^ -t A025 + -0034 j) 



w 



(30) 



where w = the span, and/^ the rise of arch. The above formula is for ashlar : for brick or 
rough mascnry it should be somewhat larger,* 

A rise of ^th or at most of ^th of tbe span should not be exceeded except under the 
compulsion of necessity^ because arches of small rise require sti^ong and costly abutments. 

Thm for ft bridge 20m apan andj^th riee a tbickncBB or depth at the erown of 1*16 » wonld b« 

iiec€ti&ij| giving from ihe dood -level ftt tbe epringi&g up to the r&il-top a height of 

-7 + 1*16 + 3 33 = 6-2ni , 

wberens for a single-track iron bridge a depth of tbe stnictare between top of rail and high water would 
iuffice of 

■as + I'D = restn = 

Lq iron arcb-briiges when the height of structure has to be restricted the under-sides 

of tbe cross-girders may be placed at the height of the crown of the intrados, thus requiring 
between this aod the top of the rail a distance of only 6b^ : bnt^ on the other hand^ the spring- 
ing must be placed some *6^ to 1^ above high water; so that in comparison with stone bridges 
it is not possible to reduce the height of the structure by very much. 

The ramps or approach-inclines requisite at either end of a bridge may be carried 
up to the crowu of the first span in the case of both iron bridges and stone bridges: as 
ha^ been done, for example, at tlio bridge over the Rhino at Coblenz. 
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The gradient for llie^ appTomcIi-rattips is U» be dele traioed according lo } 24: op, 
wltere & mo men tarn grade may be u&ed, accorjing to ^ 2f>. 

Ko?ds as a ruleafftfct the gratHDgof the trace in a less degree Ihaii wateri siuce Iha 
ele^^ation of the roads to be crossed bj tlie line can often be altf*red more advantageously by 
rebuild tng, and at a smaller cofiti tban by making a change in the height et oar trace already 
fixed from other considerations, 

Lferel-crossings on Main linea are on]y permissible for roads of minor importance: 
on Local lines this — the cheapest form of road-crossing — is always to be aimed at* 

Wlien the requieite headway between ruad and rail is not obtainable for the OTer- 
or nnder-pas^fiage of a road it mast be determicied whether the already projected height of the 
Ifaceor the exi^tiog height of the actual road shall be altered or not. WHien the difference of 
heights is small it is a questioti whether it wooIjI not be better to carry the road either over 
or nnder^ bearing in mind that according t^J the Regiilations regarding moving dimensions^ 
for nonnal-gaage lines, a clear height of heaJway of 4*8™ is required ; on lines of metre- 
gauge, one of S'To™ ; and fur Hues of 'To*^ gange^ i5'l*°: while far common roads^ according 
to the degree of their Lmportancpj a clear headwHy of from 3^ to 5*" is required. 

If the road be carried under the line, a spnce of 3*6" to 5'6" is reqaired between 
the aarface of the road and ralf-leve) ; whereas if ttie road be carried over the Hue the minimum 
distance on normal two-track line mu»t be ii'* to ^"2^, lor normal single- truck , 5-5*" ; for 
a narrow-gange of l'", 4*5 ** : and for a line of *75** gauge, 3*8*"* 

The best gradient of the approach -riimp.^, i.e. that for whit'h the sum of tiie construe- 
tton«€0«t and woi^king-expenses is a minimum^ lies on a level ground according to the voliimo 
oj the traffic, between *^^2i> aud '012, in easy country between '0) and 015; m hilly ground 
between '035 and "020; and in mountains betw^c^en '040 and -025. When the approach-rtimp.i 
have to be artificially lengthened the best grade will be greater^ and 
in easy coantry it will lie between *02^ and 'O'JO 
o li^lly ground j, », '023 and '040 

„ mountains „ ,, *0o4 aud '05(j* 

The grades of the approach^inc lines to carry the line of C<ilt 03r roads are to be 
determined according to § 24* But in most cases th':* extra cost of construction and working 
which will result from such a change in the grades of the trace will be greater than thtj 
extra ouVny in construction atui working for a change in the elevation and grades of the 
high road to be crossed, so that as a rule rebuilding the road will be the preferable course. 

When the projected line crosses an already esistit^g iraUway it frequently happens 
that it i:^ more advantageous to rebuild the latter than to alter the existing projected trace. 

For example : if a itugle-track Jino hftvitig a crown-widih qi 4™ ib tq cross tiu eiifcting double4raek 
lioo tie latter being at ground-level and Having n width at the liaae of lOn*, and if from § 24 it appeared 
that the beat grade for the appro aehrampa of the projected line were *005, theTi for an aacent of S^a the 
rampi on both aidea would with alopoe of 1 ^ reqtiiro 7^,000 cbm. of earth. On the other hand^ were ibe 
^xintipg line annk 2°5'i> at Iho crosBicg poiot on the same grades of '005 then the projected line patting 
over il and onljr Bomc B^tt^ higher would require onlj 18^200 cbm. of maieritd which might he enlirely 
inppUed from the equally large eica ration required to sink th e e cutting line. The savin|| In cofit in thaa 
to oonfiiderahle, wh. a fourthj that the rebuilding of the road in actual aervice, di^cutt ns it might be 
woald be certainlj jtmtifiecK 

The coat of construction of statioiLS is often of great infltseuce on the height of the 
traoO| bt^cause the elevation of etationa should ba mtliin narrow limits fixed maiolj with refrence 
to the approach- roads. Although it may not be always attainable it is nevertheless desirable 
that the line should fall both ways from stations, becaase the starting and stopping of traiiis 
is thereby facilitated. 



• Conf* ■* Theorie det Traitirens,'' Hoft III: Technische Trastirung' dor Straaaen : (Apparentlj nev©r 
puhlithed. Ti*) or Lmunhardi; Die Stei^fniftrerhilCAitte dcr Straaten. HannoT«r« Bohmorl & toil Seefeld. 18SQ^ 
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In moantainons regions level atretclies for the sites of stations are only procurable 

at a great cost ; so that as a general rule — reoognised as perfectly allowable — the station is 

laid out on grade 1: 400. By so doing in a station 400°^ long^ a height of 1^ is attained^ and 

therefore wheuever the line is developed on a grade of s the length of the whole line is made 

1™ 
shorter by — than would be the case were the station on the level. 

With a grade s » 0*25 the line is shortened 40m and if, for example, the rate of interest on th» 
oonstmction-cost, working- and maintenance- expenses per km. per annnm he 25,000 M. there is an 
annnal saving of 1,000 M. for which sam the existence of a grade in the station can certainly be tolerated. 

For the rounding-ofE of the grade-intersections at the entrance to stations on severe 
ascending grades curves of a radius of from 3000™ to 5000™ have to suffice in order to avoid 
a too great length of curve. 

Finally^ the question of working-ezpences is of prime importance in the grading 
of the trace. For all lines the most advantageoons ruling gradient as dictated by the 
conditions of the traffic and the conBguration of the ground must be chosen — regarding the 
choice of which see the following Sections. Within the limits fixed by the ruling gradient the 
gradients for the individual sections of the line are to be determined in accordance with the 
principles developed in § 27. In exceptional cases for moderate lengths^ grades exceedirg the 
ruling gradient may be employed and such grades, termed momentum grades, are sur- 
mounted by drawing on the stored-up energy of the train. 

On the other hand, the ruling gradient must be diminished in curves by the amount 
of the curve-resistance, as already discnssed in detail in § 21. In tannelSy also, the maximum 
grade must be reduced, because the frictional adhesion of the driving-wheels on the rails is 
always less in tunnels owing to the rails being in a state of continual dampness, and also 
because the train-resistance, due to the friction against the walls of the tunnel, of the volume 
of air put into movement by the motion of the train is greater than outside. 

As to the amount of this increase of train-resistance in tunuels, experiments ad hoc 
and information relative thereto is wanting, so far as is known to the writer. The decrease 
of the tunnel grade should be made for the lowest frictional adhesion on the rails and pro- 
portionately to the gradient, and thus on steep grades the reduction made will be greater than 
on flatter ones; whereas^ in view of the increased train-resistancc> the reduction should 
increase proportionally to the velocity, and thus on flat grades it will be greater than on 
steeper ones. 

Consequently, for aU cases where tunnel grades have to reduced, it is well to fix a 
constant amount of 2™/ni to 3"*/m per running-metre. 

In short curvea and in short tunnels the reduction of gradient may be omitted if it 
can be permissibly assumed that they will be operated as momentum grades. 

A reduction of the ruliog gradient is desirable also for those sections of line wliioU 
are normally exposed to strong side winds ; such cases occur frequently where a valley is 
crossed. 




§23. 

The Optimum Ruling GfStdrent 

WTien the firgt and prorisioDal fixing of tlie plan aod elevation of the trace has been 
made in accordance as far as practicable with tbe prinoiplea latd down in §} 19 and 22, it 
remainfi to determine whether the stififest gradient occarring in the line is permissible or not. 

To decide thia very important qaegtion we proceed as foUow.s, Alt the gradients are 
divided into two groups, one of which will contain u\l thoBe gradients which may at once be 
pronounced ofFiiand as doI too steep j th« other, all the remaining ones which- -are likely on 
examination to turn out too severe and which consequently will have to be flattened. 

The total height, A, sormounted by all the grades in the second group is determined, 
and since an equal volume of traffic is assumed in both directions, it is immaterial in 
which of the two directions the individual gradients rise. If these sections be flattened by 
langtJiening the line to a gradient a which becomes the ruling gradient for the whole 

line^ the latter must be lengthened by the amount — . But nnc© on curves there must be a 

1 

reduction of the grade by the amount of the curve-resistance, « «= ^i ^« teigfct to be sur- 
mounted in a curve of i?* radius and central-angle &* — in other word^, in a length of •000018 
a M kilometres^s less by "000018 qc as compared with an equal length of level -straights 
If ft be the, stun in degrees of the central-angles of all the curvesihen ia order to rise through 
a he^glit A we require a length of line of 

h + -000018 c. 



or, putting 



hi = {h + •OOOOlfi.a) 



I£ the capitaUcost per km* be J, the annual maiotenaoce-eiponses per km, JJ, tlien the interest 
of the capital and the expenses of maintenance for the whole length of the section to be 
lengthened is 

In calculating the working-ex penaes a passenger is to be taken , as is quite cnstooiary in 
calculations of this kind, as equal to a tonne of pa) ing*load, and it is likewise quite per- 
missiblej since the volom© of the future traffic can at best be only guessed at. 

If T is the (assumed) snm of the tonnes of paying-toad and of passengers; b the 

load-coefficient, then, according to $ 10, the working-expenses for the length -i on the 

ruling gradient t amount to 



r..(/ 



+ «# + 



i (J, + Jq) (« + .) \ b r A. 



(f — ui — »)L 



r-^ 



For the first group of gradients which remain unaltered after the first projection of 
the trace the construction and the maintenance-expenses do not come into consideration, Th© 
working-expenses, however, do so, since these are dependent on the uze of the ruling gradienl 
which we are now seeking. 
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Having' ctetermined accordiDg to <^ 1 1 the equivalent grade s^ for this first group 
of whicli the total length is I, the wortdng-expenses thereon are g^ven by the expression 

L (« — to — #)£» (» — ti; — 1)2/ J 

The total sum of the construction- and working-expenses for the ruling gpradient s^ via* 

if r- is put s m, is therefore 

«£, («o + #) + 5 (Bi -B^) (« + #,n 

+ jin^, J + *i ^a-c + m/). 

Putting (il • + 17 +/& T) r-^ S5 /| and arranging in powers of $ we obtam 

Neglecting the small term »mLt*, and putting 

and «B, +«»»£(« -w)=ff, 

vre obtain 

DifFerentiating with respect to ; and eqnatiog to 0, we obtain for the best ruling gradient 

#« [« + (f - «)] + 2 1>» - P(« - w) a. 
whence, putting ^ + < ?(« — «>) = y> 

then •- ~2j + V 27»"*"2f^*~"'' 

or • = l(-D+v/D(/) + 2y(i-«^). 

If further P + If (« - w) is replaced by J", 
then- ♦=^(-D + v/FJ^) 

Noting that ^ = 



a — to 



we can write 






and BO 



1 + 



Vi 



19 



n 



laiirtifig step bf liep in the ftbore the foil Talues of tbe &bbreTtated expreaiio&a then 

ana ir=J+G(i-w) 

we obtam 



f — 



I = 



j^ / D + g (i - ic) ^ G (g ->^ 



For the namemtor under the radiK ftfter inseriixig the Takes oE D, E, G^ we oblaiii 



J?i + B^ 



? + J5^ m z (i — tp) + 



J, -B. 



m (j — If) {w + #j) + « m t (i — «)•. 



Kottng that 

» 4- 5 
and patting --^-^ — - the mean af the expense of mnntng a light engine and of one worKng at 

full tractive^power, per km. = B then the namerator under the radix becomes 

J'=z [(B + «(.-«.) Bo + ~ (tc + .,)*-^ (.-»)•] 

The denomioator oDder tbe rootj after inserting the expressions for D, J, and 

5l+^ - B, becomes 
2 

D^Bw+iAi+V +fh T) ^ ^l~ "^ 

In the aboTe we may, for brevity, insert the number^ », of the trams which on a 
straight and level line could haal annnally the gross-load h H The weight of the train,* 
would be 



hT 






hTw 



Q (z — «?) i 



and thns 

Inserting these valnes^ then 

laserting the values found for F and D in the expression derived for the best ruling 
gradient we obfcaiiii finally, 

z — n? 

(31) 



» s 



^ if + 7A (I - to) J jjo + ? z; (« - 1,} + ^ (« - ») » I 

^ ""V^ " B + l(Ai+U + hfT) " 

This formula shows that the greater the kilomatric-conBtruction-coet Ai -j- U the 
ttiffer must be tho gradient of the lengthened trace ; whereas the heavier the trafBc T ar^j 
eon»equently, the greater the number of trains n, the flatter it must be ; wlucb^ indeed, is 
lelf-evident. 

ThU expression nhows, further, that the greater m is the fiatter roust the gradient be 
made and, consequently, the longer must be the conterminous or approach-aections worked 
in common with the mountain sections — in comparison with the height to be surmounted. 

*rhi8 also is evident from the fact that the gradient of the developed line is the ruling 
gradient for the working of the conterminous or approach-seciionsj and the cost of this 
working diminishes with the lessening of the ruliug gradient. 

It Will not be quite so evident why, as the expression shows, the gradient of the 
developed lino must be steeper if the lower or approach ^sections have a greater equivalent 
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ascent s^ ; becaiige at tLe first glance it will be at once a&guraed that la the developed line th6 
ascenta should be made steeper whea there already exist severe grades in the contermbona or 
approach'SeetioDS. 

But we must bear in roind that the decrease ot the working-expenses on the 
approach-sections resulting from a reduction of tlie ruling gradient^ is larger the greater 
these very working-expensos arising from the grades in the non-mountain or approach* 
sections are. As the decrease of the workiDg-oxpbnses, due to a reduction of the ruling 
gradient^ and so on non-mountnin-sections with large equivalent gradeSi is greater than when 
the equivalent grades are smaller^ so in the first case a smaller ruling gradient is raqnired. 

Finally, the formula shows that the most advantageous gradient varies directly 
with the locomotive tractive-coefficient which may have been taken as a basis* This is the only 
figure as to which there is any freedom of choice in any particular case when the construe- 
tion-costj volume of traffic, length of the approach -sect ion and its equivalent grade are given. 
With the increase of the tractive-coefficient, with which the optimum value of the ruling 
gradient increases, the total traffic-expenses diminii^h ; consequently, alsOj the sum of the 
interest on the construction capital, the maintenance- and the working-expenses. We 
mast not, however, exceed a certain optimum figure in fixing the tractive-coefficient ; which 
figure is dependent on several circumstances not lak^n account of in the formula — as has 
already been pointed out in § 12, With the increase of this coefficient the maximum 
attainable velocity decreases; such increase when a certain definite limit is exceeded is 
disadvantageous to the traffic, since the cost per km. of the train-staff, and the interest on the 
capital-cost of rolling-stock increases. Also, the coupling of locoraotive-axles necessary to 
obtain a greater tractive-coefficient increases the friction al resistance of the working parts of 
the locomotive and their maintenance-cost. 

Accordingly, the beat gradient can only be determined when the optiniam value of 
the tractive-coefficient has been fixed upon. 

The degree of influence which the various circumstances affecting the determinatioia 
of the best value of the ruling gradient have on the result will be more cleariy' seen if weT 

giive a numerical example assu in in ^several diffei*ent values. 

■ ■ t*' 

Sujtpoae ihftt in ord^r to croafl a wat«nhed ii height of SOQcn hmt to be mrmoiiDtei] cm one tide BrOd 

1:111 tha other a height of 190^: nnd BQppuae that thei?« occut m the melinea on hoth iMes curvei of & 

t<>tal oi 550* oi central -aTigle. Then tlie lieight h , == -2 + *1S + <X)001S k 650 ^ 4. U the -approach 

ieetions leadintf np from the plaics to the paM&ge over the watershod h&r^ an eqniTaloni grade j, — *iJ06 

do 

aad length f » €0 ^m, then tlie ratio m U — ^ ^^^ 



Lei the co»t of conatroclion of the monn tain aectioEi be 320,000 M, and the yearly main ten ance- 
tipeeiae« of the same be 3,000 M. per km,t ao th»i 

Ai-\- U^ 320,000 X *04 + 3.000 = IS.SOO M, = l,5SO,000 pf, 

I^t the anm of the tonnei of gqoda and pasBengera to be hauled be T « 600.000, and the load-coi^m- 
cient be astnmed a« & — 21, then h T — 1,4O0,OCpO. If, following a. fomior cakulatiqn, we take ic = 'O036, 
S^ Bi 32^ £1 « 25j e e= 2, / B *15 m pfennige, and asanme the M-oight of the locomotiTe L as 60 tonne ■ 
then we obtain from the formnla above deduced, fer the bett ruling gradient for the initnoaoting of the 
waterihed. 



for c a >06, the rat mo 


of f m '0200 


«« W 


* - 0312 


I - 10 


I - 0325 


>-^ll 


f - -0239 


■ -'12 


c = 0250 



For the aboTo leTeral traotiTe«Doe&cietit8we obtain then the weight of the train, Q — — » X; 

h T 
the nnniber of the traina reijniiito to deal y^ith. the Tolum^ of traffic b T per anntim = -^ 1 the f elo- 

45-0 
city, aiimning the looomptire to be of 360 H, P, w - — ^m. per leoond j and finally^ the total workiug- 

o^enaee ai given in the following Table, in which the capital*eoat of the approach -seetionfi of 60 km. 
in length are taken at 10 mill ion M^ and conaeqnentlj the interett on thia oapital'Coai and the 
maintenance^eeit at 

60 X 3,00> + 04 K 10,000,000 « l»SO,000 M. 
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TABLE XIII, 
Beit 6r6die&l and Total Tr&ffic-lxpenies for different Tractien-CoeMcieotfl* 



Ti«etiTe-coeJBeiemi « t 


-08 


m 


•10 


ai 


•12 


Beilgndieat — i 


■osoo 


0212 


*0226 


*o2m 


0260 


Weight of & tma - Q 


144 


158 


170 


180 


192 


Number of inkin per nu. *** 


9722 


8861 


3236 


7778 


7293 


Y^lociij «« « 


5-63 


600 


4^50 


409 


a7S 




H. 


M. 


M. 


M. 


M. 


Conatracttdn-cofli of apprOach^socii tm 


680,000 


580,000 


580,000 


660,000 


580,000 


GunHtructiun-coftt of mountain- section 


300,000 


28a,000 


266,700 


251,000 


240,000 


Worki ng-oxpetisca on apprOftOli'Se^oii 


510,400 


521,BO0 


5€6«&00 


5O0.SO0 


400,900 


Working-cxpeiLBei on nionntttlii-sectioii 


249,200 


233,300 


220,200 


209,400 


200,700 


Total cost and working- ezpemet per umiiLm.. 


i.e7a,«oo 


1,617,900 


l,&76,4O0 


l,5SOJ00 


1,511,000 



From the foregoing it U eeen tliAt the tractiTe -coefficient In the preient Ex&mpio shoald not exceed 
*09, or ftt moat *I0; and tliis can be attained onTj by the use of a 3-coup1ed loeoinoiiv^* Altbottgh the 
tractiTe'COefficient might be increaaed from *10 to *12 aud, ai ■e«ii from to the a-bove Table, ioroe 4V,j 
iaviog on the satn of the coofltraotion-eoet and workiDg-eipeniei might reialt, nerertheleev, with tbe 
4-eonpled loeotnotiTO which In that came wonld be necetfiary the cost of equipment and me^intenanee wonld 
incieaie and, in addition, there wonld bo an increase in the fractional resistaticeB of the moiring parts of 
the engine^ and a deereaae of tho Telocity. Tbui^ nltimatetj, there would be an injcreaae in espenAea 
which wonld certainly exceed the calculated saving of 4%, 

Since it i« Tery difficult, indeed hiu^ly pi^cticablep to eiactly determine and to gi^e due weights 
to all the faetort which enter into tbe choice of the tmctire-cofffieit nt, the value of the moat ad van- 
tageoo* mling gi^itsnt can only be determined within certain UdiiLs yvhicb, however, are tolerably 
narrow. In tho E\amplo jnst calculuted there can be no doubt that tbe ira€tiv^*coetflciant moat not 
bo leas than 09 nor greater than "ll j and consequently, that the ruling g^rndient will lie between '021 
and 024. 

It !■ further to be noted that it is not at all neceBsary that the tieat ruling gradient, aa above found, 
should be itrietly adhered to, since a deviation tberofrora of 10 °/, does not perceptibly increase the 
total traffic -expenses* The following Table aliowi that by raiaing the ruling gradient from ^0225 to 030, 
namely l|*foJd, the total traflic-expcnaeit are inereaaed by only some 2^/^ ; and that by a flatlcniog of tiie 
aamo from *0225 to "015, or by |, the amount of these «xpenaea increajiea about 5 "/^^ 

To judge of the effof^t that the amonnt of th« tra^c h&a on tbo optimum mliiig gradient the atate^ 
mcnt will suffice that if all other conditions remain the same, 

l(^ti for T ^ 400,000, « must - 0261 

=1: BOO,oa^ t » 0226 

- 800,000, • • 0807 

TABLE XIV, 

Coastrtiction ^d working-expeiiBes for the Iijrpotlietical line, ta^e fti an Example^ on thi 
hatiB of a trmctlTe^GoefficitBt of '1 for Tarioat Taluei of the rolmg sradieat, in umts of 1,000 H. 



« 


Interest on the capital 








1 


cost and of the coat of 

maintenance 


Working Expenaea cm the 


Total of the 








expenses of con^ 

atruction and 










ff 


Of approach- 


Of the 

MonLntnin 


Approach* 


Mountain 


working. 


'3 
04 


Mctiooi, 


■ectioni* 


iectioni. 


acctions. 




'016 


580 


423 


377 


»0 


1609 


020 


680 


317 


440 


207 


15S4 


■021 


580 


30:; 


441 


ioe 


1540 


'022 


580 


28B 


456 


206 


1527 


1336 


hm 


276 


405 


206 


1626 


^024 


580 


264 


477 


205 


1626 


-Oil 


660 


256 


480 


305 


1527 


-oio 


660 


211 


655 


208 


1564 



ff 



Sa|»poiiQf— all otber condiliom reQiaimng tbp lamo— iL&t tlie kilometrie coiittraction-coat of th^ 
InoimtAUi'iectioQA wo^ 200,C00 M, instead ol a£0,000 M. aa bae been aaiutntH^ In the foregoing Example i 
tb«n thQ moAt advant^fiona tqUd^ grtidieEii would ha 9 = '02 intttead of » ^ '022^ ; a.isd if it were 
400,000 M. then » would be »- -0241. 

The influence of the magnitude of the 'equiralent-gmdi^nt* of the approaob or foot- inclines U 
itiflignificant in ita effect en the eptimnm ruling gi^dieut; for if that equivalent gradient were 9 — *W3 
inafead of a ^ '006, then the raling gradient would be ■ ^ ^0223, instead of a ^ *0225, 

On the otber hand, if the oqtiivaleni gntdieut has He smalleat poBHible Tftlne tie^ that of the 
eoefficient of resiatanee ^as wonld be tbe ease were the line perfectly levels then tbe teIuo of the most 
faTour3[|ble ruling-gradient would be a ** ^29, instead of the calent&ted Taloe t =* '0225, corres- 
pondtng to &n equivalent gradient of ■ =• '006. 

Of much greater itnportance la tbe inSuonce of the length of tbe ffHit or approacb-IncUrte. If the 
ratio m of it< length to tbe height to be anrmonnted = 300^ tlien the mliDg gradient should be ■ ^ 
^0176; which for m — 150, waa found to be *02tS. On tbe other hand, were m = 75 onlj, then a wonld 
be » '0270; and in the limiting case for m =^ a would baTe to be ^ '0425. 

In the inveatigatioii which led to the formula for the most favourahle ruling 
gradient the kilometricKJOst of construction A was assumed to be independent of the 
gradient ; whereas in realitj the construction-cost per unit of length is not found to be tlie same 
for different gradients. Consequently, having calculated the optimum ruling gradient we must 
then examine whether it can really be carried out on the ground at the cost of construc- 
tion proyisionally assumed; and the ruling gradient must then be recalculated with a corrected 
value of the kilometric constructioa-cost. 

The gradient actually corresponding to the construction-coBt having at lant been 
detentiined the following cases may arise : — 

i» The value found for the best ruling gradient is less than some of the gradients 
of the foot-incline, When that is so the lengths containing these 
grades are to be cut-out of the whole length I of the these seetionii, and 
the height h, surmounted by them is io be added to the total height of the 
watershed crossing. The calculation for the determination of the optimum 
gradient is then to be repeated with the corrected and smaller ratio m, 
leading to a somewhat greater value of the gradient. 

2. The optimum gradient wlien found is steeper than any of the approach -section 
gradients, but yet so flat that in order to surmount the watershed it can 
only be had by increasing the length of the line. In that case the problem 
is solved, and the location is accordingly determined. 

3* The optimum gradient when found differs so little from the general inclina- 
tion of the valley that by means of increased earthwork, etc., it is 
constructionally practicable without any development of the iine. In 
that case the investigation of the optimum ruling gradient nnist be further 
carried out according to the method of § 24. 

4. The optimum gradient is steeper than that of the section under examination. 
If then it is not possible to shorten this section, thus approximating 
it to the optimum grade, of course the flatter grades must be retained. 
But we must still examine in the manner explained in § 24 whether a 
further flattening of these grades, without at the same time increasing 
the length of the line, be not desirable- 
s' The lengths of the approach or f oot^inclines, as also the lengths of the actual 
mountain-section-inclines, are so great that it appears advisable to beak up 
the trains working on the approach or foob-inclines before entering 
the mouniain-sectioDS ; in that case it is necessary to divide tbe whole line 
into separate working-divisions, beaking up the trains coming from the 

20 
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lawer. sectipn into smaller trains on. tbe moun^tain-section^ or working tbeTn 
undivided ^ith additional locomotive^. In that case the investigation oE 
the most favonrable ruling gradient is to be farther carried out as 
explained in § 25. 

6. The altitude to be surmounted is iso small that it would be undesirable 
to make its gradient the ruling one for the whole remaining length of the 
location ; in this case it is preferable to surmount the height on a steep 
gradient by means of a partial consumption of the ptored-up energy of 
the train— rnamely, to work it as a momentum, grade. , 

^Fhis latter case is to be examined las explained in §26/ 
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§24, 
The Optimum Ruling Gradient without lengthening of Line* 

When it is possible to fix the gradients of a line without lengtheaing the trace at any 
point, that is, without altering the length of the whole line, the height to be surmounted and 
the curves remaining unchanged, whatever the gradients may be, then the magnitude of the 
equivalent grade also remains unehanged. 

In this case the simple formulaa given in § 13 for the working-expeusea may be 
employed to determine the valae of the ruling gradient, according to which for a ruling 
gradient «, an equivalent gradient ^3, a length of trace of Z, and a traSSo of P passengers 
and T tonnes of paying-load, the workiug^expenses are, in pfennige, 

K=P {'961 + 10|« + 29|ta) I + ^('56 + 23^* + 39|j?^) I ,„ (32) 

This simple formula for the working-expenses could not have been employed in the preced- 
ing Section in discussing the best gradient for a developed trace becaufie it is based on the 

assumption that the tractive-force coeflScient 



2 = '00 -I- 2« 



for goods-trains is 

and that for passenger-trains is 

2= 02 + 2 a; 

which IS only correct for a valae of 8 up to '025, or at moat up to '03, In the present caee 

where the optimum value of the ruling gradient is to be found without leogfchening the line 
we are always far below that limit; but in the case where the line is for technical reasons 
lengthened this limit might be easily exceeded when the above relation between the tractive- 
force coefficient and the ruling gradient is employed. It was therefore necessary to under- 
take the general investigation of the preceding Section without any assumption of such a 
relation of the tractive-force coefficient* 

In the present case the part of the working-expenses dependent on the magnitude 
of the ruling gradient, is 

i,= (10|P + 23|r)*£ „. ... ,., (33) 

Bxployingthis formnla, the optimum value of the ruling gradient will usually be found only by 
trial and error — viz., by determining the construction-expenses for a series of values of the 
ruling gradient and adding to them part dependent on s of the working-expenses. 

Only in exceptional cases is it possible to express the construction-cost as a function 
of 9 and to determine the best value of s directly by differentiation. 

For example : if » Brngle-traok Local Uno has to be carried over &11 exiiting raiJwaj at a keight of 
$ra, then for a cjrown- width of 5^°, and elopea of 1|» the area of the cross-sectloQ of U10 ramp at the kiglieBt 
pol&l ii Si qm., ftz^d at tbo middle 28'$ qtn,^ aad tbus the mean avea would bo 
- § (84 H- * )C BS'S + a) - 33 qm, 

Fof a gradient $ the loUd length of the approfrob incHtieB on both ildea would bo t* — ; and oonAo- 
quetitlyj the oubio oontent of the laino — — cbm, and @ 1 M. per obm., the total coti ol the earthwork 



B _ M. which at 4^/^ intoreflt oorreBpendi to an ttimaiil warn of — M. 

If the umnal votnmo of trftlBo on the 25 km. of line were T m SO.OOO, ind F ^ 
workiitg^Kpeniea depe^jdeot on t are 

K,^{ 10| X 30,000 + 284 X *>i*w)^ • - 546,666 <li. 



» 30,000, thoo tha 



do 



The part of the conBtmction-cost and working-expcnsos dependent on « would then be 

S« ^ + 546,666* 
whence, differentiating with respect to «, the best valae of the ruling gradient in 



■Ji 



^^ - -0054 



646666 

Of course this gradient, which thus becomes the ruling gradient for the whole line, is onlj to be giren 
to the inclines if there is no steeper one in the other divisions of the line. If steeper grades occur then 
all of them would have to be simultaneously flattened when determining the best gradient for the inclines. 

Of course, under all circumstances, the optimum value of the ruling gradient obtained 
by simply increasing the earthwork and without lengthening the line will be much smaller 
than if the trace were lengthened. 
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§ 26.- 

The Optimum Rulingr Gradient wFien Assistant Engines are' 
employed, or the Trains divided. 

If steep grades are not scattered about on separate lengths of the line, but are 
bunched together forming a continuous length then, in most cases, it will not be possible to 
run unbroken-up trains over the whole line, because this would render necessary either too flat 
grades on the hilly sections, or too light trains on the contiguous, lower or valley, sections. 
But it would equally undesirable to break up the traffic at the foot of the mountain section 
and to make up entirely new trains. The tnuns coining from the flatter valley sections should 
be despatched over the mountain sections with {he least possible change in their composition ; 
and this may be done by hauling them' by a single locomotive of greater tractive-force or 
by two locomotives^ or by what comes io the same thing, despatching two or more smaller 
trains each hauled by a locomotive. 

In the calculations connected with this subject it may be assumed that when heavier 
locomotives are employed the part B^ of the cost of a locomotive-km. which is independent 
of the tractive-power increases proportionally with the weight of the locomotive : so that, for 
example, this amount B^ —which for a locomotive weighing 60 tonnes, indasive of the tender, 
figures out to 32 pf. — would increase for a locomotive weighing 72 tornes to 1*2 x 32 = 38*4. 
This assumption is justified by the higher cost-price of the locomotiye and its greater main- 
tenance-expenses, by the greater rail- wear, and by the greater outlay on staff which, owing to 
the smaller speed of these heavy locomotives, accrues per km. 

Consequently, as has been noticed already at tho end of § IS, a train of weight 
Q = 150 tonnes hauled by a locomotive of L^ = 72 tonnes is 1*2 times dearer than a train of 
Q =: 125 tonnes drawn by a locomotive of L = 60 tonnes. 

To enable the same weight of locomotive Zr = 60 tonnes and the same value of B^ 
= 32 pf«, to be always employed in calculations the actual weight Qi of the trains hauled on 
the mountain sections by locomotives of weight Li is expressed in terms of a unit-weight 
Q corresponding to, i.e., hauled by, a locomotive of weight i = 60 tonnes. 

For example : if a train of Q^ — 800 tonnes is hanled on a mountain section by two engines each of 
72 tonnes weight, (hen in calcniation in place of this single train there would be employed 2*4 trains each 
of Q » 125 tonnes and an engine of £ «> 60 tonnes. The train-load hauled on the approach-sections 
by a locomotiye of €0 tonnes is then expressed as a t Q so that were the said train of 300 tonnes hauled 
on the approach-sections by a looomotiTe of 60 tonnes t would be 2*4. 

It is not always possible to so arrange the separately-worked mountain sections 
that they shall be wholly on the ruling gradient 8 ; but in addition to the developed line on 
which the height h^ is surmounted on the grade 8 there will be sections of flatter grades 
having a total length of I and the equivalent grade «,. 

In order to determine the optimum ruling gradient we obtain therefore, as in f 23, 
the construction- and maintenance-costs of the lengthened line, viz.. 



Mno, the working-expenses of the whole mountain section, viz., 
21 
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and 

i:,= L/+6*+ (z-ti;-*)// J ^^^ 

and we must add thereto the working- expenses of the approach-sections which are worked 
with a train-weight of t Q. 

If the length of these latter sections be Z^ and their equivalent grade s^ and the 
maximum grade thereon be *j then those working-expenses are 



:,=\/+e«.+ tQ jiTh 



or since 



then 






If now the sum of the costs 

Z = /To + JSTi + iTa + /fa 
be arranged iii powers of 8 and differentiated with respt^ct to s, and if further we put 

-— = m, 7^ = Wi, --^-"o — ^ = -B, the kilometric locomotive-expenses B^ +"0- ("^ + *ii) 
e jB^, and jBq -h -7- (w; + *i) = -B,, and the tractive-force required to haul on level road, 
yJ2. ^^z-r = n. then after the same transformations as in & 23, we obtain 



8 ss — ^ 



i+v Ho' "~ .m 



B + m (« - tr)( B2 + Ll' (2 - «:)«)+ -^ (2 - ti;) P3 



(84) 



B + -(^t+ V JffhT) 



To illustrate by an example : let the line be[taken on whicH the working is nniform— not broken np 
into different working diTitiona— and on which $ » '0225 was found in. § 23 as the beet value for a 
tractire-foroe coefficient >*-'l. In that example Zi ■- 60, T ■- 600,000 tonnes, 6 — 2|, tp a '0036, «, 

»*006^t»'04; and let the expenses be expressed in pfenhige; B^ a 82, a «> B - 25, B^ -f —V" " ^' 

+ i X 25 X *1 X 60 - 107, e - 2, i - 820000C0, V » 300000, / - '16; and finally, the number of 
trains on the level 

^ 2\' X 600000 X 0036 ^ 
* " (-1 - -0036; 60 " 

If Qow instead of a^ oydioary continuous service on the mountain section the trains are hauled 

either undivided by two locomotives, or in two halves by two locomotives, then the ratio t in the formula 

will « 2* If on the mountain section worked by two locomotives thero occur a length of 6 km. on an 

ft 
equivalent grade «, **006, thenm b ,^— 15; and there remains a length of 60 > 6 ■» 54 km. ^hich 

can be worked with one locomotive, so that m^ ^ -^^ 135, and «, ^ '006. 

Accordingly, the best value of the ruling gradient is 

B - 0287. 

Tlie trains on the mountain railway will then have a weight of 

^ -1 - -0036 - 0287^ ^ ,«, , 
«- -0O86-h'O287 ^^' ^*^ ^^"•^ 
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Mid on the approaoh-sections, 252 tonnes. If the ruling gradient in these latter is '010 with onrVes 
of 600m radins then the requisite maximum tractiye force is 

s » (252 + 60) ( 01 + '002 + -0036) « 4867 tonnes. 

Bnt if on the mountain section two locomotiyes each weighing 72 tonnes are employ^-io haul the 

2X72 

train then the ratio t ■> ., *- 2*4, and the most fayonrable mling gradient is 
"0 ^ . . 

a « -0298 
The weight of the train~ would in that case would be 

and the maximum tractire-foroe requisite on the lower or approach-sections would be 

Z - (288 + 60 ) (01 + -002 + • 0086) « 6-429 tonnes 
which is quite within the capacity of a locomotive weighing 60 tonnes and having a tractive-force coefficient 
of rjL* Having thus found the most favourable gradient for the separate working of the mountain- 
section it remains to investigate whether a subdivision of the whole line into separate working- 
sections would be advantageous, and if so, what increase in engine-power on the separate sections is most 
desirable. 

When the train on the mountain»seotion is divided into halves each of which is drawn bj a locomotive 
uf 60 tonnes weight and havii^^ a tractive-foree coefficient of 2 ■■ *1 ; or when on the approach-sections 
the train drawn by such a locomotive is re-enforced on its arrival at the mountain-sections by a 
second similar locomotive employed either as a hauler or as a pusher, then the expenses for the 
best gradient, 8, figure-out as follows : 

(1) Interest on the capital cost, plus maintenance-expenses of the 60 km. sec- 

tion having an equivalent grade «, of '006 (see § 23) ... ... 680,000 H^ 

(2) Interest on the capital cost, plus the maintenance-expenses of the length- 

ened line on a grade of s « '0287 to attain an elevation of *4 km. ... 220,000 „ 

(3) Working-expenses on said length ... ... ... .,. ... 207,000 „ 

(4) Working-expenses on the 6 km. length having an equivalent grade of 

», es '006, which is worked in cummon with the mountain-section ... 64,000 „ 

(6) Working-expenses on the 61 km. length worked with one locomotive ... 837,000 „ 



Total... 1,808,000 M, 

In the other case, where two locomotives of 72 tonnes are employed on the mountain-section to haul 
the train which on the conterminous approach or lower sections is drawn by one locomotive of 60 tonnes 
weight, the above items of cost in the order above given are — 

680 -f 201 4- 209 -4- 66 -4- 336 = 1,892,000 M. 

Thus of the two methods of working here described it is manifest that in the present instance the 
first should have the preference : since the small saving arising in the second case of 6,000 M. per annum 
(or of not quite i Vo) c<wnot counterbalance the disadvantage— of which no account has been taken in these 
calculations— that specially constructed locomotives differing entirely in type from the standard ones used 
on the adjoining lowland sections would be required, and consequently a much larger and more 
expensive park of locomotives would have to be maintained, and one which would never be fully utilised. 

But making the mountain-section a separate working leng^ has in comparison with the undivided 
and continuous working of the whole line— as a reference to § 23 shows — the very considerable advantage 
of saving of 1526- 1398 -« 128«000 M. per annum. Now although this advantage would be lessened by iha 
necessity of more extensive station arrangements at both ends of the mountain-section owing to the longer 
halts of the trains at those stations and by the greater number of locomotives utilized which could not 
be fully worked up to their capacity, there still iremains a very considerable balance of advantage. 

However, there is no need in this case to adhere too scrupulously to the calculated optimum 
gradient, since amall deviations therefrom do not increase the total -expenses in* any considerable 
degree* 

The formula given in the preceding for the best gradient, and that in § 23 for the 
uniform working, is to be used simply as a starting-point or baeis of operations, since the 
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aflsniniption oH which the formula is based^ viz.^ that the kilometric-cost of construction^ {i.e. 
oost per km.) is the same for all gradients^ is only partially true. Besides^ the assumption 
ijliat the working-expenses per passenger-km. are the same as those of the paying-load-km. is 
xiot absolutely also true. For these reasons, having determined the best gradient from 
tJie above formula, estimates must then be made with various grades of values assumed 
:^0arly equal to the calculated value, and for each one the construction and working-expenses 
1>c>th for goods- and passenger-traflBc must be worked out in order to discover that grader 
foT which the total transport-expenses is a minimum. 
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§26. 
Momentum Grades. 

Severe and short inclines which the tractive-force of the locomotive is insufficient to 
overcome can be snrmoanted by a draft on the energy of the train^ or as the expression is, 
can be " rushed/' 

If the velocity with which the train arrives at the foot of the grade = Vi and if the 
train at the top of the grade is to have a velocity = t;^, then the energy available to 
carry the train up the incline is 

wherein /9 is a coefficient wliich indudes the additional energy due to the rotation of the 
wheels and axles. As a fairly accurate mean value J3 may be taken as 1*08. 

The train-resistance, diminishing as the velocity falls, on such an incline on a 
grade 8i is 

in which from § 7— p. 17, 

a = -00273 : and b = -0000131. 

Subtracting the tractive-force exerted by the locomotive z £, the amount of work performed 
by the train's energy on a length d I, is 

[{Q + L) [a+bv^ +8^)'^zLJdl. 
Since the kinetic energy of ^he brainiest daring a fall in velocity of d v is 

we have the equation 

[(Q + L) (a + 6 «» +* J - « l] d4 = ^^i^^ti^ t> dtJ 

j^_ ^ vdv 

'Whence 9 a + bv*+s,^JL^ 

If the ruling gradient be a then we have the equation 

and therefore 

g a + o«« + g^^^^s 
or, since 

w = a + bv^ 

jj vdv 

d 1= — ' , / • a s . 

g b{v^-v^) +*!-* 

Integrating the above we obtain 

which is the length of the incline on a grade 9^ > 8 which can be surmounted during the 

fall of the train's velocity thereon from Vi to Vq 

For example : pntting g •- 9*81, fi •- 1*08, h - -0000181, Vi >- 7, «o "" ^ then for a ruling gradient of, aay 
t « '0036, the length of an incline on a grade f ^ which can be snrmonnted lolely by the train's 
momemtom is 



»-«"*"«*i7--oo4m- 



22 
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The following Table gives the Lengths of Momentum Inclines for varions grades 
and also for the mling gradients of -0036; -01, -025 

TABLE XV. 



Gi»dient 

of 

Momentum 

Incline. 


Length of Homentnm Grade in 
metres for a Bnling Gradient of 


•0086 


•010 


•026 


•06 
•026 

•010 
•005 


48 

104 

869 

1970 


•55 
149 


89 



Bat for ftll practical purposes the length of the momentum incline can be calcu- 
lated with quite sufficient accuracy in a much simpler manner^ if the decrease of the coefficient 
of resistance with the velocity be disregarded^ taking it in fact as constant. 

Thus from the equation 
we obtain directly 



_t 



or inserting the ruling gradient given by 

{Q + L) {w + b)z^%L 
we obtain the simpler formula 

I j_ jP ^ _j 

The following Table is calculated from the above formula and shows a sufficiently 
close coincidence with the more exact figures of Table XY for all practical purposes. 

TABLE ZVL 



(30) 



Grade of 

Momentum 

Incline. 


Length of Momentum Incline in 










•0086 


•cao 


•025 


•05 


47 


65 


88 


•026 


103 


147 


— 


•010 


844 


— 


— 


•005 


1,578 


— 


— 



The height surmounted on the momentum incline^ vi». h^l tf|— from the simpler 
formula just given for I — is 






If this height is to be Burmounted without momentum^ vii., on the ruling gradient », 
then the incline must be of the length 



Fig. 12. 




Rg. 18. 




Rg. U. 




Fig. 15. 
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Thus the momentam incline may be changed into a ruling gradient by lengthening 
it by 

I, = l^ -I 
or 

I =^" (^\-<) _ I (iii) 'j, 

whence 

s s 

^« = ~^27^' r ^^^ 

The amount of the lengthening required to transform a momentum grade into a 
ruling gradient is thus inversely proportional to the ruling gradient^ but otherwise is the same 
for any other grade of the momentum incline. 

If the distance 7^ be marked off from the foot of the momentum incline — 

Fig. 12 — from B towards A, and the sloping line ACDhe drawn on the ruling gradient^ then 

any momentum incline B C or B D starting from B may be obtained by continuing it 

upwards to its intersection with the ruling gradient A C J). 

Nmnerical example : putting «i "^ 7, «o " 3, fi^ 1*06, g « 9'81, 

2*2 



then {, B • 



t 



whence for t » '0086, Z, » 611m 

• - -010, I. - 200m 

• - -025, Z, - 88m 

At the foot of the momentam incline the line would have to be raised in any case by 

§.. -1 if the ascent were made on the ruling gradient instead of on the momentum grade : 

g 2<7 

thus for Vx = T$ and t;^ == 3^ the rise = 2*2°^. This is the height through which the train 

must fall in order to acquire the energy lost in ascending the incline. 

The working of a momentum incline^ since the kinetic energy lost in the ascent is 
subsequently regained^ requires precisely the same quantity of steam as in surmounting the 
same elevation on the ruling gradient and is^ in this respect^ not disadvantageous. 

But the loss of time and the distarbance in the working of the line which momentum 
inclines may cause^ unless the speed of the train and the firing be carefully regulated^ make? it 
desirable to avoid momentum grades as much as possible. 

It may be added that steep and consequently short momentum inclines hardly 
permit of the rounding-off so desirable at the junction of synclinal gradients.^ 



[• Yide Appendix for a farther difouttion.— Ta.] 
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§27i 

Lo^t Height. 

In the working of traiBc on Cart roads any deviation from a aniform gradient causes 
an increase in tlie working-expenses.* This is not so in the case of a railway. 

On a railway between two points at any vertical distance apart the aniform gradient 
is under all circumstances the best one prodded that it is the ruling gradient, since the 
working is the cheaper the flatter the ruling gradient. 

But if, on the other hand— the ruling gradient, being determined or given by other 
sections of the line — the gradients between the two points A and B (which have a horizontal 
distance I and a height h) are to be fixed solely in the interests of the traffic-working and 
without regard to the cost of construction, then there are two cases to be distinguished, namely 

when the uniform gradient 7 is a " non-injurious '* one, and therefore less than w ; and 

secondly when it is an " injurious one," namely greater than w. 

First cjase— Suppose the point B — Fig. 13 — is distant horizontally / from A and 

vertically h above it. If, further, the uniform gradient rising from A to B, viz. 7 = «, is less 

than tr, then the engine-power requisite to haul a train of weight Q from il to £ on this uni- 
form grade is, for the ascent, 

(Q + L) {w + s^)l^(Q + L) (wl + h). 

If instead of the througli uniform gradient A B, there be one, say, from B downio 
jD, h below B, and two others from A and D at the inclination to continued downwards to their 
intersection C, then the required tractive-power on the discontinuous line of ascent, A C D B, 

if 1?F=Z, andilO=CD = ^ 

will be — on the gradient A C ^ 

„ C D = (Q + X) (u^ + 11,) ^ 

„ D B = (Q + Z) (ii7 + a) Z, 
and consequently, since Ij + /, = I, and « Z^ = A, the whole = (Q -i- X) {w I •\' h). Thus the 
working-expenses for the ascent on the discontinuoas grade- A C D B are equal to those on 
the continuous grade A B. The expenses would also be the same for an incline rising from 
A on the ruling gradient up to E, h above A, and then from JE? to jP for half the distance C B, 
on the gradient w and falling with this same gradient from jPdown again to .77. 

On any chain of lines drawn within the parallel 6-sided figure A E F B C D, which 
in the direction Aio B has no stifEer fall than tr, nor a stiffer rise than «, but which otherwise 
may have any shape whatever, the working-expenses in the ascent from A\o B are the same 
as those along the continuous uniform grade A B. 

For the descent, the condition of things is difEerent. The locomotive tractive-force 
necessary to take a train of weight Q down a uniform grade from B to A is 

(g + £) (u; Z - h). 



• See " Tbeorie dee Trafsimni,*' Heft III : (Apparentlv neyer pabliBhed. Tb.) or Lannbardt : '* Die Ncigungi. 
Yerhaltnisse dsr StroMen." HanaoTer. Sokmorl o. y. Seefeld. 1880. 



On any discotit-muous line of descent which only diSeis Irom the line d D S — 
FLg. 13— 'in that the line D B h not on the ruling gradient « but on some other and 
'^ injurions " gradient $i less than s and greater than w, the descents on the lines B !> and D G 
require no tractive-force ; ^rhereas in the section A C^ ©^f which the length is \ [I ^ CH) 

= 1 I I , Vthe tractive-power required 
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It is thus greater than that on the descent on the line B A except when ^i = w, as 
represented in Pig* 14* In that case^ instead of the broken line G D B of Fig, 13 — in which 
C D Is on the gradient w and J> B on the ruling gradient m — we have the straight line C D B, 
of Fig* II f on the gradient to. The working-expenses for the descent from B to A will be 
the same as on a broken line A E B oi which the limbs ascend from A and B respectively 
and are continued till they intersect in E, Generally, on any series of lines drawn within the 
parallelogram A E B C which nowhere has any gradient stiffer than w and, oonaequently, 
has everywhere '' non-injurious " grades, the working -expenses of the descent are not greater 
than they are on the uniform gradient A B* 

\^0T the descent, the parallelogram within which the gradients may be moved with- 
out causing an increase in the working- expense, vi»., without *^ lost height '* occurring, 

is one the sides of which are inclined to the horisontal at the resistance-coefficient w. 

« 

In the Second caie, when the nniform grade from A to B is greater than w^ via, is 
an *' injarious'^ grade, the conditions are changed. 

On the upward journey the performance of the locomotive in the parallel O^sided 
figure of Fig. 13 (the sides of which have inclinations equal to the ruling gradient and 
to the ren$tance-coBffidmt) is, for all lines which in the direction A to B have no greater 
descents than w and no greater ascents than «, equal to {Q + L) (wl -h h) — just as on the 
nniform asjent from A to B. 

On the other hand, for the descents on the uniform grade, on which the train runs 
down without steam and with brakes appUed^ no tractive -force is required. 

Consequently, in descents, only such lines on which no steam is used, namely those 
which are on "injurious'^ gradients, are equivalent to the uniform gradient. All such 
lines will He within a parallelogram — Pig. 15 — of which the sides A C and D B are on the 
ruling gradient, and A D and OB on a gradient equal to the registance-coefficient^ All 
lines lying inside this parallelogram and ascending in the direction from A %q B on 
gradients steeper than w but leas than # — and thus wholly '* injurious ^' ascents — are not 
more expensive to work than the uniform ascent, and have therefore no ^' lost altitude/^ 

The conclusions reached in the preceding investigation may be formulated in the 
following principle :— 

A trace hes no 'lost height'' on any given section of it when it consiste either 
wholly of " non-injurious *' gradients indifferently in which direction they rise; or when it 
coasiets wholly of ** injurious '* grades all rismg in ih% same direction. 

Whether the tra6Sc td equal in both directions or whether it preponderates in one 
direction is quite immateriah Only in the case — raroly occurring in railway working^ — where 
the traffic is all up-hill would the limits inside of which the trace can be laid down without 
^' Tost ascents'* be wider than the abov^e** 
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§ 28. 
The Distance Apart of Stations. 

The distance apart of station&| which in ihe interests of the traffic should not be great^ 
is deiermlned by the expense anfl the loss of time which is occasioned by the stopping and 
starting of trains^ the halts at statio&s^ and by the coat of building and niaintainiog BtationB. 

la order to decide whether the establishment of any particular station is justified or 
BCit, it is firstly necessary to know the increase in the traffic which it would bring to the rail- 
way aud the resulting increase in net-returns, Accordiugly the cost of construction, the 
annual 6xpenditure on salaries and on the material up-keep of the station^ and the cost of the 
stopping of trains, has to be determined. 

This latter expense^ which will mow bo determined, is made up of the expenses of 
stopping (braking) the arriving trains, of starting the departing trains, and of the halt of the 
trains at the stations;, and in makiug this calculation^ the loss of time in slowiug-down and 
in again getting- up steam mast be ndded to the duration of the halt* 

The energy of a train moving with the velocity v — as already explained in § 2t» — is 

If Q ^ weight of train, L = weight of locomotive (both in tonnes)| v = the velocity in m/seca. 
g = 9*8 1, then the energy of the irain is 

Jf== 55 CQH-i)t' 
Q = 350^ L = 60, and v = 7, 

M^ 1100000 ni kg... 
Q^ 118, L= 51»andi?=sl3, 

Jfr-t leOODOOmkg, 

e = G8, X = o4, and t -^ IS, 

M = 2000000 m kg. 



For. a goods-train for which 
For a passenger-train when 
and for an e^^press-train 



If a train moving with a speed v up a grade #i experiences a resistance {Q ^ L) u due ta 
the application o£ the brakes then, if the coefficient of reniatance w = a ^ b v^ there wilt bo 
performed on a length d I work represented by 

d W ^ ^Q + i^) (u + #t -^ a + 6 1 ») d I 
and the kinetic energy of the train is diminished by 

dM^i{Q^L)vdv, 
Kquating the above two expressions we obtain 



dl^ 



^vdv 



Integrating this between the limits o and v, the length of run before coming to a standstill is 
obtained J viz^ 

ft «J -I- A . ^ #1 -J- h tT 1 

(38) 



I = A logn ^+^*^^ + ^^' 



2gh 



tt + *j + a 



dl 



The time of slowing-down — sioae — = ci i — is given by 



0dv 



?(tt + #i +u + hv^) 



namely 



i = 



arc tan v 



V I* + #, + 



(39) 



g ^/{u + #1 + a) b 'V i* + *i + o 

If, § 7^ W0 put a ta '00273, b = 0000131, then from the above equations (38, 89) a gooda- 
train moving at 7 in/spc. after Bhatting<»ff steam but without applying htakei will oom© 
to a itandstill after an interval of 2 17 seconds and after a run of 88C*°, Similarly, a passenger- 
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^raiu moving at a velocitj of 13 ni/sec. will cO'tno io tf stop after an interval of 399 seconds 
having ran 2492™; and an express-train moving at a velocity of 18 m/sec. after the lapse 
of 489 seconds and having run ^9^9™. 

The goods"train would with its initial velocity unchanged have covered the distance 
of 886°^ in 127 seconds; so that if it is brought to rest by simply shutting-off steam and 
without the application of brakes there would be a loss of time in the journey of 247 — 127 = 
120 seconds. 

For a passenger-train the loss of time under the same circumstances would be 207 
seconds, and for the express-train 268 seconds. 

For goods-trains in flat land the brake-coefficient u may be put at *08 ; accord- 
ingly on a horizontal line the train would be brought to rest after applying the brakes in a 
length of 245"^ and in 72 seconds. 

For passenger- and express-trains in which all the axles except those of the loco- 
motive are braked the braking-coefficient u may be taken as *075 ; so that a passenger-train 
moving at a velocity of 13 m/sec. could be pulled up by the brakes after 18 seconds in a 
distance of 118*^, and an express-train moving at 18°^ velocity, after 26 seconds in a length 
of 223«». 

But when entering stations, the efficiency of brakes — which can be much increased 
by the adoption of the centre- vapeur system— is as a rule inferior to this. 

The distance in whicb the initial velocity is reduced to 3°> may on an average be 
assumed for goods trains at 400™, for passenger-trains at 500», and for express-trains at 800™. 

In calculating the length of run and the time required to pull-up a train for any 
given value of the brake-coefficient there is no necessity for practical purposes to regard 
the dependence of the coefBcient of resistance on the velocity. A perfectly sufficient degree 
of accuracy is obtained by the assumption of a constant resistance-coefficient corresponding to 
AA average velocity, just as in the case of the momentum grade in § 26. 

If the mean value of the coefficient of resistance be w then for a brake-coefficient u, on 
a length Z, we have work done 



T7=(C + X) (u + w + ^J I 



whence the energy consumed i« 
Consequently, equating the above, 

and inserting ^8 = 1*08, g = 9-81, 



2g{u + w 4-«i) 



7 - '055 v^ 



Equating the work done on the length d I with the consumption of energy, we have 

{U + V, + B,)dl = i^^ 

g 
or since vdt ta d I, 

it. , f ' , 

g {u + w + 8^) 
whence integrating between the limits o and v, 



t = 



y(u + ti^ + «i) 
or, in terms of £qn. 40, 

_ 21 

• •— ■ """■ ••• •.• ••• .«• (4JLy 

Now were the velocity constant, the distance { would be travelled over in the time - . 

Consequently, the time occupied in puUing-up the train is equal to the loss in time occasioned 
by the pulling-np of the train* 
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The distance required in which to start and gtUxip speed— aHSuming that the 
locomotive works with its full power z L— is determined as follows : 

While the train is describing the length d I there is communicated lo the train an 
additional quantity of energy producing the increase in velocity d v; consequently 

ff (.? + L) v_dv 

and integrating between tlie limits v and o, 

The time in which this distance is travelled-over is 

_ ffQ + L <lv 

^— ^ -j^_ ^^Q^ L) (a + bv' + *,) 

and integrating beixreen the limits e and o 

t^4.f±lLhognP±^ (4S) 



where p = ^/« L - (G + i) (a + « J, and ? = v/^ (Q + -^) 

For example : for a gooda-train, if Q « 830,000 kg L - 60,000, « =■ '06 

g « 9*81 )l -> 1-08 a - -00273 

b - 'OOOOldl «. - 

then the time roqaired .to attain a velocity of 7<n is 132 sees, and the. distance in which this is done is 

472m. 

Now this distance would be traversed in 67 sees, at a veloci^fOf 7« : ' whence the loss of tiine dne to 
starting and getting-np speed if 

132 - 67 - 65 sees. 

For a passenger-train of weight Q = 118000 kg., L » 54100, « «= '04 for ono driving-axlo, the velocity 
X3m on the level will be attained in 157 sees, in a distance of 1062"), and the loss of time in getting- 
np velocity will be 75 sees. 

If the passenger locomotive h-M 2 coapled driving-axles, so that the tract^ve-cooflSoient t ■■ '06, then 
it would attain a velocity of 18m after the lapse of 86 sees, in a distance of 616m. 

For an ezpress^rain, when Q « 68,000, L « 54,000, » m -04 -the time required to attain a velocity of 
18m would be 182 sees, and the distance 1244m. 

And here again for practical purposes the dependence of the coefficient of resistance 
upon the velocity may be ignored and a mean resistance-coefficient w assumed for the whole 
period of the getking-np of steam. 

Accordingly, 

whence 

2g' zL-m + L) {to + 8,) 
and, snbstitnting dl isvdt, the time consumed is 

.§ jQ + L) 

or 

t = ^ (45) 

Since with the final velocity r, the distance I would be travelled-over in half this time the 
time lost in starting and acquiring velocity is equal to the time occupied therein. 

Accordirg to. the above calculation the loss of time in the slowing-down of the train 
and the getting under way again, as compared with the time of the unbroken journey^ may be 
put OB an average at 2 mins. Reckoning the halt at stations by passengex -trains at 1 min. 
and by goods at 5 min. then the total loss of time which calling at a station occasions is for 
paisenger^trains 3 mins. and for goods-trains 7 mins. 



(44) 
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If from tliB octet of trdib-expenses anji loitJombtiveexpensBs £^^ deduced lE §^ 4 and 6, 
we deduct the outlay on lubrication and the maintenanee and renewal of rolling-stock the 
remainder ia the working- expenses dependent on the time. These per goods-train -km. aro 
found to be 18"7 pf. for the train-service and 2i3'6 pL traction -expenses^ in all 42*3 pf. Per 
paeseuger-train-km, these items are train-service 22'3j and traction 18*8 pf, in aU 41' 1 pf* 

Accordingly the expenses of a goods-train for a halt of 1 minnte, its speed being 

7**^ are 

42-3 X 7 X 60 -^^ . 

— iooo — ' = ^^'^ P^- 

and for a passenger-train— on the assumption that 16 million train- kms, are made by eipreas- 
trainSj and 5 J million train-kms, by the ordinary passenger-trains and where accordingly the 
speed may be taken at 14*** — the cost is 

41-4 X 14 X 60 



1000 



= 34'8pf. 



Since the cost of doing a tonne-km., yias. a million metre-kgs.j by the locomotive haa been 
evaluated at 25 pi, the cost of Btarting and get ting-under way of a goods-train having an 
energy of HOODOO m-kg. is M x 25 = 27'5 pf. j and that of a passenger-train — taking the 
energy for both express- and passenger-trains as on the average 1700000 m<kg. — is 1*7 X 26 
= 42-5 pf . 

A part of the energy stored in the train is made nse of when entering stations to 
carry the train in after shutting off steam- But this sav-ing in steam may be disregarded 
because in the estimate of cost, the cost of braking, of the wear and tear of the brake- 
mechauism, of the wheel-tires^ and of the railSj are likewise omitted. 

Accordinglyi tbe cost of stopping a goods-irain is 
27-5 -t^ 7 X I78=152lpf, 
and of a pasgenger-train 

42 5-h3 X 34 8= 146 9 pf. 

so that, generally, the expense of halting of a rrain at a station may be fixed at U M, 

It may be possibly objected jfg&iifist the determination of the above sum thht 
the few minutes Iosr of time which the halting of a train at a station causes does not in- 
crease the wages of train-staff; nor the quantity of the rolling-stock employedj nor the interest 
on its capital-cost } and tliat, in ahortj a halt occasions no extra ea:pense. Certainly no very con- 
siderable increase of expense oocnrs if a single extra psssenger leaves or enters the train ; bnt it 
is not the single case but sum the of the cases that has to be considered — oot the differential 
but the integral. 

Having disposed of the above calculations, the question whether any proposed 
station is desirable or not is to be decided in the following manner. 

For ommple : suppose that for the atAtion at a place liAving SOO i^hal>itADtfl tho Intereat pn the 
CApilal-cosCi &rtd the annaal muntemmce^ exponas a of the wliolo station- equipment &Muunt to 2,000 M., 
aod the pay of the stsJI to 3,000 M, per aim urn ; wid aaHTimo that 3 traina in i?nch direction stop at tbo 
itfttios BO that the oott of tho hatting of the 6 traina are 6 X 365 X li = 3f2SB M.^ tben tho total cost 
occasioned bj the preaence of the atation amounts to d,285 M. 

It mnst now bo investigated whether the additional bnmneBB bron^Iit by the Etation to the whole 
tystcm jiiatifiei s^ch an expend ituro* 

According to Part I of this wort § 17, orery indiTidoal newly drawn into the railway traffic producea 
on ati average j in a district of average eeonomic importanco an incrcaiie of net^eaminga for tbo whole 
railway of 17^(5 M» IjeaviDg out of consideration the iofluenco of the hinterland— since of coQrsej tho 
pfeienoe of the vtation in queition will witbdniw a portion of their hinterland tmlBo from tha neigh- 
bcnring atation s~ the eBtablithmenfc of a atation produces an increase of net*earningB of 17*6 X 800 ^ 
13,080 M. ; and thns, after dednctiogtho eipensefl of the station inatolhttion, yieMi 13,080—8285 — 4,795 M. 

If the locality bad 400 inhabitants^ and tho »tation were simply a fl^*or temporary pajtengsr- 
■tatlon, then io thai case the annttal outlay on persons and thtngi might be red need to 1,000 M. to which 
^be cost of the atoppingof 2 daily trajna in each direction, via., 4 X 366 X li = 2,190 H. would have to^ 
be addedt and the total coet would tbua be 3,190U. 

24 
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As on an arerage the distance travelled per anuum per head of the inhabitants is 285 knu and the 
met-gain per paasenger-km. is to be taken as *02 H. the establishment of a flag-station would yield an 
increase in net-gain of 400 X '02 X 285 » 2,280 M. 

Oonseqnentlj, the creation of such a halting-place would from a porely bnsiness point of riew be 
nnJQstifiable. 

But since tKe public benefit drived from railways is considerably greater than 2f 
times the net-gain — see Part I. — therefore on State Railways, stations and flag-stations 
may and should be fixed at muob smaller distances apart than on Company's lines. 

It hardly needs to be explicitly stated that the above investigation as to the pro* 
priety of the establishment of intermediate stations can make no claim to great accuracy. 
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§29. 

Virtual Length. 

There are certain problems connected with railways in discussing which wo do not 
need to know the absolute amount of the working-expenses — but merely whether the working- 
expenses of a line are higher or lower than those on another line with which it is compared^ 
or the multiple the working-expenses of one line are of another line. 

# 
This occurs^ for example^ when it is a question of determining amongst several 

lines connecting two points or terminals the line on which the traffic can be carried most 

cheaply. 

And also when the freight-rate is not to be fixed proportionately to the length of the 
projected line but in proportion to the working-expenses it is only necessary to know their 
relative and not their absolute amount. 

In the solution of such problems the conception of virtual lengtli ^^^ l>^6i^ 
employed. 

In determining the virtual length of a line the simplest seems to be to select the 
working-expenses on a straight level line as the unit. But for practicaipurposes it is more 
convenient to choose for the unit (as has been proposed by Schubler) the working-expenses 
on a fiat land or undulatory line of which the limit of the '' non-in jurioup '' grade is the 
ruling gradient. 

If the unit working-expenses per km. on such a fiat-land line are Ar^ then the working- 
expenses on a section of length Z on a grade s^ for a curve-resistance e and for a ruling 
gradient 9, are accon^ing to § 10 

fcZ= [oc+)8«+y(*i +c)] I 

then the virtual length X of the section — i.e. the length of a flat-land line which would 
have the same working-expenses as theline under examination— is found from the equation 

Xii = [a + i8« + 7 (*i + ^i\ I 

namely x= [^ + ^s + ^ {»^ + e)] I 

or, if if = a^, ^ = ^j, and r^ = 7i 

then X = ^cc^+^^s + y^ («i 4- c)J I 

Thus the virtual length of a section is not only dependent on its gradient s^ and on 
its curve-resistance e, but it is also affected by the ruling gradient # of the whole line. 

The term within the brackets 

«i +)9i* + 7(*i +c)=<^ 
is termed the virtual coeffidont. 
From § 10 the working-expenses per tonne-km. gross-load were determined as 

ij=-24-H0* + 17(*, +c) 
and for a fiat-land line, where # = '0086, 9^ = *0086, e =s o, 

k^ = -837 pf. 
Accordingly, the virtual length for goods-trafiic k 

X=-71+80# + 50K+») ^. ... (46) 
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The following Table gives the Virtual Lengths as obtamed by diriding the irbrking-' 
expenses given in Table IX hj k^^ *337, and the result is an almost perfect coincidi-noo 
with Formala 40. 

TABLE ZVIL 
Virtual Lengths for Goods Traffic 



Baling 
Oradient 


•*Non.ln. 
jorioitf" 
grpidient. 


Virtual Lengtbi for ** injariona " 
grade! of 


•006 


•010 


•016 


•025 


•0086 

•006 

•010 

•015 

•025 


1-00 
109 
1-22 
1-86 
1-60 


119 
1-33 


1-51 
1-67 


1-91 
219 


2-71 



The working-expenses i>er tonne-km. of passenger-trains on a line of which the 
ruling gradient is « = 'OOSe, are from Eqn. 11 — in which the limit-value of tho ''non- 
injurious " gradient is to be substituted for s^ — 

k, = -725 + 8 X -0036 + 22 x -0055 = -STS, 

If the figures of Table X be divided bj this qnantity then we obtain the virtual 
lengths for passenger-traffic as given in the following Table. 

TABLE XVIII. 
Virtual Lengths for Passenger Traffic. 



Baling 
Gradient. 


"Non-in- 
jarioas" 
gradient. 


Virtaal Lengtbi for 
'* injorioas " gradei. 


•010 


•015 1 -025 


*0086 
•006 . 
•010 
•015 
•025 


1^00 
1-02 
108 
112 
118 


118 
1-23 
1-29 


136 
1-48 


1-67 



By dividing Eqn. 11 by the working-expenses k^ =-875— the requisite figure for the 
passenger tonne-km. on a flat land line — the virtual length for passenger-traffic is obtained^ 
viz* 

X = '83 -h 9 * + 25 {s^ + c) ... .. (47) 

which gives a completely satisfactory coincidence with the figures of Table XVIII. 

Tables XVII and XVIII shew what has been already stated in § 10, vi«. that 
gradients have very slight influence on passenger-traffic working-expenses as compared 
with their eifect on goods-traffic. 

For goods-traffic the working-expenses on a mountain railway having a ruling 
gradient of -025 on pections with " non-injurious'' grades are 1*6 times as large as on flat-land 
line: whereas for passenger-traffic they are only 1*18 times. On a grade of -025 the 
working-expenses for goods-traffic are 2*71 times as large as those on a level line; whereas 
for a passenger-traffio they are only r67. 
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Tbe Tirtoal length of any gi?en trace can be wewy eimply deiermlued if we fira* 
calenJaie the equivalent grade, m^, of the line^ — ty the method of § J I* 

For ex&mpl^ t auppoee there ore two aJteroiitive Unm A And B of n projected railvrftj botwetML two 
poiDta^ of wbich the line A hag n lengtli of 00 kDQ.f a rding grailieutof » = 0^5^ and an equivalent f^rad« 
«, » "OtO. The 1i&« B haji a length of 50 km., a ruling grt^dient « «s^ '025| &nd aa equlral&nt gr&da 
f , » *015t Frum Table XYlI— or froiii £qn. 46^B^the ririual length of the Ime A for goodi traflic 
would be 

A - 60X 1 C7 * 100 2 
and that the line B^ 

A ^ 50 X 2'ie ^ 109 ft 

For pawenger- traffic, the virtual lengtb according to Table XV II I— or from Eqn. 47^ 
for the line A would be 

Mnd for the liua ^ 

X - 50 K I 42 - 71 0. 

Conaeqnentlj the line A for good** traffic ii cheaper in working than B, but fi>rpafifleng©r' traffic sta work- 
ing wottld be more expenfliT©* from Table IX, tho actaal working-oipenaea for ^ooda- traffic on A pe^ 
toiin« aro 

60 X '563 - 33 78 j>f< 
and for the line B 

£0 X -739 ^ 36S»5 pf, 

And from Table X, on the lino A per tonne of paBHenger-^ttaina they are 

eo H 1*075 - 64 56 pf, 

and on tba line B ** 

50 X 1*211 « 62 05pf. 

This examfyle diecloseB the important fact that in weighing the nierita of eeveral 
difforeutlj circamatanced lines contiecting two points a choke of any one line OH th© i^ronnd; 
of hoth goolfi< and pasaenger- traffic may under ceitain circumstances he impOBslMe. 
However J tor passenger-traffic the working-expenses are not the sole basis for choice since it 
is often tba case that owing to the greater speed possible on the hue with the flatter grades it 
may be the prefi^rable one in spite of the fact that the working-expenses are somewhat greater. 

The foregoing discossion also shows that in determining which of several lines 
connecting two localities has the smallest working-expenses the employment of the virtual 
length is in no way simpler than directly calculating the working-ex penaes. 

When it is not a question of corapnring the working-expenses on ilready existing 
lines but of making a choice between several projected lines then tbe employment of the virtual 
length is still more cumbrous^ because in that case we require the actual amounts of the 
working-expenses which would themselves have to be deduced from the calculated virtual 
lengths, and would therefore be more simply dttermttied directly. 

The conception of virtual length would be entirely nnnecessary if its use were conlined 
to simply comparing the workings expenses of several lines with Ijie object of selecting one of 
them. 

But the idea of virtual length is valuable as a basis on whic^ to determine rates 
proportional to the workiug-expenses. 

In connexion with the employment of virtual lengths for tho fixing of the rate- 
distance or tariff-length, opinions differ as to the meaning of the term. Many engineers, 
and Schubler timongst thera^ would include the construction-cost and maintenanct-oxpenees of 
the line in the virtual- tariff-length. 

Schdbler* proposes that the aversge amount of the interest on the capital for tbe 
whole railway system of a country incident per tonne^kni. and the maintenfmee-expenses of the 
line— which he fixes for Germany at '525 pf. — should be added to the working-^expenees ot 



• Sehiibler: Uober deo BegriS dcr Yirtuellen Lingo and die praktkchen Anwendnng^n derselben, 
Otntrulhlaii dfr BuuvtrwmUun^. 1366. 

25 
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the section (train- and traction-expenses) and from tli© untt*Gost tbuB obtained to determine 
the virtTiiil-traffic-length which ia then made the basis for the fixiog of the rat© of freight.* 
The workiDg-expetisea on a flat-land lino pbiB the trangport-expeust^s* would amount per 
tonno-kni. of the gross- load of goods- trains accordingly to 

•337 -h '525 = -862 pf. 
and on a grade of 'Op5t to 

•914 + -625= l*«9pL 

So that the Yirtual-tariff-length of the latter wonld be 

1439 



^S&l 



= 1-78. 



Bnt the f olio wi tig calculation will show that the optimum or most adrantageoua 
kilometric freight-chargej and therefore the tariff-length which is to serve for fixing of the 
same is entirely independent of the road-expenses. 

If d be the unit freight-charge per km., k the kiloinetric workiog-expenses, exclnsiTe 
of tho road-expenses as given in Tables IS and X^ A i -^ U the kilometric maintenance- 
expenses and interest on the capital, and C the volume of traffic, then the net-gain from 
working, after deducting the interest on capital, is 

C J 

The volume of traffic will in crease according to some function C of the freight-rate, 

•ay F {d), when tho latter diminishea* 

Putting 

C^F (d) 
then 

iV=(d- k) F{d) ~ (Ji-h U). 
Whence the condition for the optimum freight -rate for which ^ig a maximum is 



^c[j-&-: 



(d-fc)*^(d) + F(d) = 0. 



(48) 



Thus the moat advantageous freight-rate depends solely on the absolnte working- 
expenseij k, »nd oa the form of the function P (4), and is eotirely mdependent of the 
road-eipenses* 

We have seen in Part I. — § 13 — that the optimum freight-rate ia a definite multiple 
of the workiog-expenses, and therefore varies proportionately as the working-expenses. 

Quito apart from the circumstance that in determining the beat freight-rate, and the 
tariff'length for fixing the freight-rate, the volume of traffic, which depends on the rate of 
froiglifc and hence the average cost of carriage per unit of traffic, cannot be assumed as 
constant, the tariff-length of Schubler does not succeed any better than any other in giving 
the same t e*, a uniform net-gain per tonne-km. on any and every section of the line. This it 
would only do in the particular case in which the freight-rate on the flat-land line were 
made exactly '862 pF,, and thus higher by the average amount of the cost of carriage,t via., 
■525 than the working-expenses. 

For CTftmple : were the freight-nte by Schfi bier's tatiff-lpngtb on tho fli^t^liiEid Imo 1 pt, taiA Ihus 
H 1*7^ pf. for m a^ciioti on a n^iiin^ grftdbnt of *025, tbeii on %h& Qat-land Uq« s ocl^gBin then would 
be obtAiDed ol 

1 - 337 - 663 pt, 
And oa s gradieot of '02S ono of 

1 Tfl - DW « '886 pf. 



•In UM ci^rlior works ** Virtual Longib^ Yirloal Gradep and Tariff L«agtb ol Eailwaji*'— Orj^aii /ur dt* 
i^rUchiritU d^v Eimnhahn%ee*fna ; 1%!^^ 1 nln had couidered it nec^isarf to take into eomidctratbn Ibo road^ 
eip^^L^i iQ det^nitlning the tmifF-bngth, bot ffiab<«>quoiitly I bocamQ coDrmced of tho enoQcgomeai of thia riew. 

^ Sell. icitp^Htt mk *««>it»l oott 4 QOit of mynioiiaQoe.] 
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The interest on tlie capital and the mainctenance-expenses of the line — ^independent 
of the amoant of the traffic — which under all eiroamstances are constant items of outlay, 
can never influence the optimum freight-rate producing the maximum attainable net-working 
gain. 

The net-gain from working arises from the excess of the freight-rate over the 
working-expenses per unit of traffic and is a maltiple, proportionate to the Yolume of traffic, 
of this net-profit per unit. 

But since the volume of traffic decreases as the unit freight-rate increases and vice 
versa, there is evidently a certain definite optimum freight-rate which depends on the amount 
of the increased working-expenses of the transport of the traffic-unit but which is entirely 
independent of the constant road-expenses. 

Were the most advantageous ratio of freight-rate to operating-expenses to be 
determined on the basis of the law of the dependency of the traffic volume on the freight- 
rate^ then the freight-rate should be fixed according to this relation not only for the different 
kinds of merchandise but also for the different traffic-sections. 

Thus the amount of the freight-rate is determined not only by the length of the 
section over which the transportation is made but also by the amount of the operating-expenses 
on a given section when these expenses increase proportionally with the number of units 
transported. 

The freight-length should therefore be equal to the virtual length as given by 
the Forsrala 46 and 47. 
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130. 

Virtual Cradieffit# 

If Ae caqpDT^iiess ^ra^fe ^ m ime be #, of wUdb tW 
/ Huxm tke oj*rjftojp-«xp»«si fee tfce tEnq3<«iatMHi of m 
tfA't^ to \ 11— rf <fce for» 

5>/v v> ttecnuA tb^ <!>penfUi^ raJoe c€ tlae fine we can de iciauu e mg^iiMBt ^ 
fes4pKA 'A tiM; K&# rifwrwOTfmg erjOito&s — vlikrii wooU lure tte SUM rakuig*-«^pi 
tfct ItM is fMrtiift tf AI« gniJie&s were usji^jnm dircwghoiil the wMe lei^;tk of ifce ! 
flul were at tlrt; WK une tike nhtig gndkct. For sadi a Une then 

Tkii fmdieai s^^wlaeh we uj ten& the Tlrtasl gndk&t of die line — b giren by 
Jk^i^mMtim 

f/yr G^»4*-iraJfc— ffOtt | 1';, ^ = 10, 7=17: 

p> ihsA the rirtaaJ gradient for goods-iraflk is 

#, = -37 # + -63 #, ... ... .•. (40) 

¥f/r FauMenger-traUSc, in tbe lame § it was foond tbmt 

;S=8, 7=22, 
w> th»i ior frawttigrr tnffif the Tiiinal gradient is 

», = -27 * + -73 », .„ (50) 

Vj the aid of the virtoal grade we obtain the operating-expenses for ihe transporta- 
tioi) of a tonoe growi-load of goods-trains over the whole line as 

K = (-24 + 27 #,) I 
rjr K = -24 (1 + 112-5 »,) Z i51) 

And per tonne of passenger-train 

^=(-725-h80*,)i 

or 

^ =-725 (1-1- 41-4 »,)i (52) 

KuoMrical Example, Lei the mling gradient of a line be "OlS, iie eqairaleni gradient for goods- 
iraflk;, '00643, for paeieBger-traffic "00779, as wae found in the Knmerical Szample of § IL Taea the 
Tirioal grade of tbie line fer goods-traffic ie 

«, - '87 X 015 -I- '63 X 00643 - -0006 

and for paefenger^iraSc St ia 

#, - '27 X -016 + -73 X 00779 - -0097. 

The equivalent grade for pasfienger-traflSc is always greater tlian tbat for goods- 
traffic ; whereas the virtual gradient for both descriptions of traflSc is always within narrow 
Itmits the same* 

Dividing Eqns, 51 and 52 by the coBts on an flat-land line, %.e. by '337 and -875, we 
obtain the rirtual length in terms of the yirtnal gradient — and this for goods-traffic is 

X = '71 (I + 112-5 #,) / ^ (53) 

und for passenger-traffic, 

«-88(l + 41-4#,)I (54) 
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The virtual length is for goods-traffic therefore equal to 2, if the virtual grade ia 
•0115 ; but for passenger-traffic only so when the virtual grade rises to -0282. 

It is perhaps hardly necessary to point out that the calculation of the working- 
expenses and also the virtual length is more simply and briefly made without the previous 
determination of the virtual grade. 

The idea of the virtual grade is of little value in the location of the trace, jind is 
only useful as a criterion of the operating-value of a line.* 



[* NoTB.^The term '' Virfciud Grade " has a totally different ■ignification in American railway work. McHenrj, 
Chief Engineer, Northern PadSc Bj. Co., sayp :— " A gradient of equivalent resistance to the j^^^ exerted by the 
engine is the " virtual grade "—or real resistance taxing the engine oylinders." See Boles for Bailway Location and 
Gonstmotion of the Korthem Paoifio B/. Co., 1899. New York, Engineering News Publishing Co.— Tb.] 
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SECTION III. 

THE LOCATION OF THE TRACE 
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SECTION III. 
THE LOCATION OF THE TRACE. 



§31. 
General and detailed Tracing, 

General loGation is distin^ished from detailed location ; in other wordsj^ the general 
and the detailed preliminary studies are distinct and separate from one another. 

The object of the general or preliminary project is to determine whether the line is 
worth constructing or not ; and where the line is projected by a private company ita object is 
to frame the requisite design and estimate for the Governmental sanction to the line ; whereas 
that of the detailed location is to provide the engineer with the essential and fundamental 
data for the construction of the line, viz., a project fully worked*up in its minutest details. 

For the Prdiminary project there is required : 

(1). A General Map to a scale of from 200000 ^ "gooOO ^^ ^^^^^ ^^^ ^^^® ^^ divided 
taio kms. and numbered at every 5 km. 

In PruMi* for this purpose the General Staff map of .q^q^ mast be vaed, and the line ia to be laid down 
thereon vt^ vermilion. 

(2). A Longitniinal Section showing the elevation of the ground and of the pro- 
jected Une audits grades, the length of station-sites^ tunnels^ and oE bridges, openings, road- 
overwi^s, the depths of river channels, and H. F. levels of waters of all kinds, the height 
of the subsoil-water, the nature of the soil, and the kind of cultivation of the ground, and 
the details of the curvature of the line in the space set apart for the purpose. 

In Proasia the longitudinal acjaJe preBcribed is Tq^Tq '• ^* is •)«> the nsoal scale elsewhere, and for the 

▼ertioal scale rgg or, more commonly, Jqqq- As regards aU other details of procedure and as to the ooloaring of 
the longitudinal section, see the Begnlations cited hereafter in treating of the detailed project. 

(3). A Sorvey Flan of the immediate neighbourhood of the line ; this is as a rule 
placed under the longitudinal section, and shows ground to a "dislance of 250°^ on either side 
of the centre-line. 

B7 the Prussian Regulations the Surrey Plan is to be drawn to a scale of Vqq^ ; 

When the shape of the ground is such as to influence the location of the trace, 
contour lines should be shown at every b^ or 10™ in vertical height. The North point must 
be carefully laid down. 

For lines in mountainous or in hilly ground it may be necessary to show the form of 
the ground by a more extensive use of contours on separate sheets. 
27 
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(4} A Descriptive ani Eipl mat ory Report of the Hoe, wltli a sta^tement of tte 
mfvjor worts occurring tliereon^ and cf the re^ sons for the location chosaiii and i^f the piin'iL 
pies which hive guliel the location in every detaU« An expo&itioti ni the fiuancial vHlue ».f 
tbe projected lino will bo given either here or iti EOme ©Kpecial fonn as ao appendix. 

{'>} A Generr 1 Estimate of Cost under the same heads as given in the detaikd 
efttiniate of cost. 

In tht; Detailed Project there must be given an exact representation of the line 
in plan and elevalion add a statement of the technical grounds for the acipuBittou of th& 
land, and for the choice ot type of i^arthwork, the design of the permanent-way adopted, the 
bridges, smviller openii^gs, rodd over-crossings, rt^tainin^^ walls, tunnels, nnd for any special or 
extra-Mrdim«ry works^ and fintilly for the stations and their individual sites. 

Tn Fna^i« tbe following orders for tke pn^parmtion of tho Detailed Fniject warn isdned m OcUjbet 

(1) The lon^tadiaal SC'lOn of tbe line sh^U sbow cIiHUnoc>i to & flCftlu uf s^^f and betgUts to a 
teab of -^TT.^ Tho lino i& to bo fltibdividod or '* Btadoni^d^ hv marka lOCJ™ apiirt, and th© ^* itntitma ** 

are to bfi tmmborc^, coTisccutivelj- fiMm the imtml pointy iminodbtelj under tba vcrlickl« of Iheiection t 
the kllometric nameralion will likowi^o b« mado uAdcriiDath at oneb *' fiiation" Ltid indicaled bj Eomsti 

The diBtanco of the central uf tho statloo^ aud the poBjtions of anj otber pomte that mmj poBgillj be 
in linj Wa^ iiot<twofihy Ijing lielvr^en at at ions arc to lio induatcd from tbo preceding stiitic^n eentro 
«iiEcr>; and similarly the posi lion of tlje c hiingpfl of grade, the coJumcTiceinent and ends of r a r ret, 
tQcnefSj staiion-pbtR, poiition of bridges, cwJv^^rts, road over frosatngi), etc. 

A LI e>yationa are to be referred to tbe «eitj of the Aro^terdnm-gango* If in any roao this gives too 
l3ii* orUin,at*^s for some of tho ahcAls the datum uf^y be ra^Beil. ImtaLlwikji by muliiptos of 10"*, ii::pamiT\d 
vertically above the borisont&K Tbe eleTntjons are of courst^ always referred t<t Hero irrespei live of &iij 
tuch elevation of datmn. 

All the heightH reUting to the existing conditum ut things prcTioua to tboloration of Ibe line are lo 
be wrttten in black figures, aljio the R, L. of tbe ground »t tbe chiunages at thii centn^s of stations and 
any otber inti^rmcdiate pointa worthy of notit^e^ the crow a -width odges of banks and beights of roadways 
nf roiida thither crossed by or lying in the neighijonrU*.rt>d of tlie !in©, also the crown and springi ng- beigbts 
arcbod bridge g spanning such roads, tbo uiidersides of I bo stmctnroa in the case of juctallio o^ 
wfvoden bridges, tbo bottom and cadges of sheets of water, the zeros of any gaiigoa met with in the 
ncigaljiotirhottd of the lin^, the heights of wjeirsand their bottom sills, the flood- marks on neigbbt^uring 
Liuildings, etc. 

The lowest, in«an^ and bigboflt flood^kvols of all water surfacos, tba ^nrfaoe of wat«r in wells, and 
t!ie figiirei relating to the borrow-pits arc to bo Indicated in bine ink lignres ; all other nmncrical diviik 
of tbo project are to be marked in vermilion, 

Tbe results of tbe examination of the ground as to itt cbaraeteri depths and stratification; the 
bottoms of morassea and swamps, and tbe oconouik^ oEes to nbtrh the surftice of the ground Is applied^ 
vit., T^b ether arable- land, grasing, forest ^ gnrifen^ etc. : »nd finally * the boundaries of the parish^ eouniy, 
elo.. are to be indloited on the longitudinal £OGtion« 

Tlie gmdiejita of the line are written-in front one change of grade to anotbcr above tbe grmde- 
lin«j alon^ with thf? kmgtb of Vm inflividun! grado lengthy : the P, 0. and F. T* of carves, their Todii^ 
lengths, atid tbe lengths of the i tcrniediate sltaigbts are written Immediately nnder borizontals in 
the space set a apnrt for the pitr]ms«« 

The heigbt of tbo eultitated gronnd-Bnrfacr, i.e. lie bottt^m of the banks and the top of cat tings, 
is shftded-off downwards in some brown colour. Tbe areas of the cuttings are colonrod grey, and those 
of tbe banks a pab) red. Tbe figures aboiwing tbe heights and d«^ptbs of banks and cuttings, rcspee< 
tively, are in red. 

The bridges^ c-ntv^rU, road @T«r<eFOidngs, tfiil tnnnels afe ropreieuted in section corresponding to 
the boricentiil and re rticnl sciiles with llio clear width, or clet^r length, as tbe rmsemaj be, and tbe naitip 
nf tbo stream, river or road indicated. 

Tbe points of commence men l and termination of stalion^gTonnda sro indicated by ordinate! prolOT)|^4 
abeve the fartaation-let eL, and adorned wtib termtoal flags, Tbe name of tbe ^tetion or baiting -p!ii£a it 
irHiten between tbeee iags. 
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^aoh sheet of the Hoxiaontal Section is to be 46 cm. long and 64 cm. wide, and must be furnished 
\vith a title giving the name of the railway and subscribed with the name of the Engineer by whom the 
snryey was made ; it must aUo he dated. 

Three or four sheets may be fastened together by means of linen guards. 

Benchmarks may be adyantageously established at distances of, say, lOOOm and should be placed 
cut aide the area of the operations of construction. 

(2) The Flan shows gpronnd for a width of at leaqt 250ni on each side of the line. 

The Plan according to the Prussian Regulations must be drawn ti a scale of oK/nn l '^^ ground may 

be continued or repeated so far as it may appear necessary to determine the plan and elevation of the 
centre-line on each sheet for distances of Im to 5>Bf The ITorth-point mu$i he ahoum on each aheet. 

The centre line, divided into *' stations *' and kms., is dotted-in in vermilion, and the figuring 
similarly in rermilion. The earthwork of banks and cuttings with its side-pits and slopes and all the 
subsidiary works, 8u6h as road-crossings and diVei^ons, service roads, protection-strips, bridges 
path.divernona, eto.,- dompleteay represented, and all and everything actually existing is to be re- 
presented in bli^ck, and all the projected works are to be drawn and described in vermilion. 

At the beginning and end of each sheet both in the plan and in the longitudinal section a piece of 
the preceding and following^ sheets rdptesenting at least lOOtn., but as a plain line only, is to be shown. 

(3) CrOBB-SBCtionS of the line are to be drawn horizontally and vertically to a scale of ^^^. The 

250 

point of the longitudinal section at which the cross-sdction is taken is to be g^ven below the datum 
of the cross-section and the distance of all points thereon is to be referred to the centre-line of the 
railway. For the rest all the Regulations prescribed for the longitudinal section apply equally to the 
cross-section. 

The cross-sections are as a rule drawn in an album of a certain specified sise. The number of crocs- 
sections depends on the configuration of the ground : in flat land two or three may suffice per km., 
whereas in hilly or mountainous often 50 to 100 or more may be necessary. 

(4) The DrawingB of Betaining Walls, Bridges, Tunnels, and Buildings are, as a rule, to be drawn 
to a scale of r^. All the gpround-plans, cross -sections, and elevations necessary for the complete under- 
standing of the project must be given ; and in the case of any extra-ordinary or important works 
separate detailed drawings on a lurgei* scale are to be given. 

llie nature of the ground, and the highest and lowest water-levels are to be shown in the aboTe : 
and the principal dimensions are to be in figures. 

(5) The general arrangement of the track structure* and that of the road-orossings at rail-level 

are to be shown to a scale of -r-: the cross-section of the rails and fish-plates, the bearing-plates, 

fish-bolts^ spikes, eto., are to be drawn full-size, and their individual weighte are to be specified on the 
drawings. 

(6) The plans of Btation yardB and stopping-places are to be prepared to a scale of — --- : and 

not only all the building^ but also their immediate surroundings, together with the approach -roads are to 
be shown. Also all the tracks and siding^, points and crossings, loading-ramps or platforma, turn- 
tables, traversers, water- cranes, goods-platforms, ashpits, washing-out pite, lanterns, signals, drains, 
underg^und-passag^s, eto., and the curvature and grade of the line are to be fully represented thereon. 
Alao the North-point. 

All drawings &re to be on sheets of the same size as those of the longitudinal-section (46 X 64 cm.); 
and where necessary are to be put up so as to fold. For works of continual recurrence such as water- 
ways, culverts, minor bridges, road-crossings, over, and under-crossings, many kinds of station-buildings, 
switohes^ traversers, eto., it is advantageous to adopt Etandard types. 

(7) The Explanatory and Descriptive Beport is to contain full particulars regarding the district 
or country passed through, and an estimate of the probable traffic ; also the fundar^ental reasons for the 
direction of the line chosen and its position in elevation, and a stetement of the conoitions governing the 
location, together with description of the line and of its works of art; the method or scheme of con- 
struction is to be described and accounted for, also some data are to be given as to the time within 
which the line and its accessories will be fully completed. 



[The so-called " permanent-way ".— Tb.]. 
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(8) The Etttmate of the Cost. TMi if to be dUtribnted nnder the following he*di :— 

I. Aoqnitition of hmd, and Compeniation for dnmagei. 

II. Eftiihworlc, grmding, retaining walls— ineliuiTe of these items for road 
oYer-crossings. 

III. Maintenanoe of the sub-grade straotnres, and of that of the track during 

the period of constmction and for one year after the opening of the 
line. 

IV. Fencing. 

y. Bead crossings, including orer^ and nnder-passages, with all accessories. 

VI. Culrerts and Minor Bridges up to lOn clear span. 

VII. Major Bridges. 

YIII. Tunnels. 

IX. Special provisions and equipment for the working of inclines. 

X. Permanent- waj, together with all sidings and switches. 

XI. Signals, with the requisite huts and dwellings of the staff. 

XII. Stations, permanent and temporary, with all accessories such as buildings, 
turntables, water-cranes, etc. * 

XIII. Other and Special works, as stream-dirersions, lirer training works, pro- 
tection works, etc. 

XIY. Bolling-Stock, 

XY. Administration. 

XYI. QeneraL 

Xyil. Interest on Capital during the period of construction. 
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§ 32. 
Location in Flat Land. 

Flat-land lines are those lines in plains or undulating ground of which the grades 
are so moderate that brakes are never required when running down-hill| and the curve-radii 
we so large that there is no noticeable increase in resistance due to curvature- 

On -such lines^ accordingly, the grades never exceed the value of the coefficient of 
resistance w = *0036| and the curve-radii are always greater than lOOO™. 

To adapt the Eqns. 10 and 11 of § 13, which give the working-expenses per tonne- 
km. of paying-load, and per passenger-km., to flat-land lines the curve-resistance c must be 
made =: 0, and »i must be put = w. Consequently, for goods-traffic, putting s^ = 'Or'36 and for 
the passenger-traffic 9^ = '0055, the operating-expenses for a line of length I km. on which 
there is annually moved T tonnes paying-load and P passengers — in pfennigs — are 

/t=r(-703-l-23|*)Z-hP(M34-hl0|«)i (55) 

The working-expenses thus depend— apart from the volume of traffic and the total 
length of the line — only on the size of ihe ruling gradient. 

The first task of technical locating is this : To determine provisionally ^^^ position 
in elevation and grading of ihe series of lines previously fixed by the principles of Commercial 
Tracing. This is to be done according to the principles laid down in § 22. The minimum 
distance apart of the gradients is to be proportionul the speed of travel on the line : and while 
following as closely as possibly the conBguration of the ground, and equalizing as far as 
practicable the cuts and fills, attention must be paid to the height of the subsoil or ground- 
water. 

In the location of stations, and of the crossings of roads and streams, suitable 
elevations are to be sought for : in the case of stations, sucli tluit will give a yard of the 
requisite length, either level or at least one of which the gradient lies somewhere between 
and -0036. 

While this preliminary working-up of the longitudinal section is in hand the angular 
points of the commercial trace may be replaced by curves of nvdii of not less than 1000*", 
•and sufficiently long straights inserted for the sites of the stations.* 

After this provisional work on the section the next step is to determine the most 
favourable ruling gradient. If in Eqn. 55 the actual numerical values of T, P, and I are 
inserted wj obtain a simple form for the operating-expenses in the fonn 

Numerical Example : putting T « 400,000, P - 250,000, 1 ■= 120, tboii the working-expenses in M. are 
677,640 + 14,400,000 «. 

Supposing in the first fixing of the grades the maximum gradient occorring bo '0036 on a 
length of 4 km. : then hj flattening the line on this length to a grade of '003 there would be a saving 
in working^expoDses there on of 

14,400,000 X 0006 = 8,640 M. 

Reducing the ruling gpradient would be pecuniarily desirable if the interest on the consequent 
increase of the cost of construction were less than this amount — or at a rate of 4°/^,, if the increase to 
to capital were less than 216,000 M. 

Supposing this flattening of the grade proves to bedesirable^ then it would hare to bo next examined 
whether a farther flattening of this maximum gradient of '008^^'perhaps now on a total length of 7 km.— 
to one of '0027 would be desirable. 

28 



The eoQieqnoiit inercBA^ln the capitiiKcoAt cf ilie line should not ent&il tWpAjTneKit of » gi-c«.t4^ 
lum of mtereit khAQ the redaction obtained in the working -expenici, Tic., of 

14,400,000 X *0003 = 4320. 

if the flAlioning of Ihe gtade ii to confer anj pecuniar j advantage. 

By the aid of such trial o&lculatioiis the best value of the ruling gradient is quick It 
obiatned* 

HoweveFj the above method of determitiing the best rtding gradient is not suitable for 
Hues of small traffic, Aud for this lea&on : the flatt^nmg of the rulirtg gradi*-nt reduces the 
working-expeuaes only by enabling heavier trains to be hauled. So that if there be no 
necessity at all for hauling heavier trains^ as on linee of small traffiCj then flattening the 
ruling gradient will not result in a reduction of operating- expetises. 

For examjil? : if a L<3cal Hue hAB an antioal goodB-traffic of 90,000 f>ft7ing*tonnee«2iO^OC^ 
toonei gTiQ«M<md, and a passenger- traffic of 23f^000 peraona = 1 50,000 tonnes train-Joad, or an anuiial 
total* traffic of 360^000 tonnes-train- weighty then the daily luud haalud troald be 990 tonnea, or 2 
trains daily ip po^h direction of 165 tonaes each. If locomotivea weighing ZO tonnes and a tractlTe* 
force coefficient of *06 — tbtis giving a tractive-force of 24 toiines -v^ere employed then the grade on 
which a train of tho abot^e weight eoi^ld he h&uled up-hill is given by the osproaaion 

(165 + 30^ {'Odaa ^ i)m 2'i. 



s--00fi7. 

If it do not appear desirable to reduce the ntmilier of trains and bo increase the 
train-weight, then on a flat-land line no reduction of working-expenses is possible if the 
ruling gradient is less than ^QU36< 

In such caFes it will often be a qaostion well worthy of ^tudy whether a savinjf in 
cost of construction cannot be obtained by altering the character of the line, and UFing a ruling 
gradient greater than 003G. 

This question would then be treated in the tnanoer laid down in 5 33- 

Having determined the ruling gradient^ making it less than or equal to '0036, thus 
maintaining the character of a fiat-land line, we may then pass on to the third stage in the 

teclinical locating. 

This consists in examining whether for some one reason or another it might be 
advantageous to alter the plan of the line in parts of the trace* In weighing all the proa 
and cons it must be remembered that the working-expenses of a flat-land line^ once the ruling 
gradient has been fixed^ depends only on the length of the line. 

According to Eqn. Go the ope rati ng^expennes per Ism. of a flat*iand railway of which the ruling 
gi*adient is, say, s ^ '003^ and on wbich there i< a traffic of 400,0^0 tonneo paying -load and 250,^000 
pasflengers, is abont 6^000 M . 

If the kilome trio-expenses fbr road-m^ntenshco an^ line-superTisioii be 3^000 U. per annum, then 
the working* and maintenance'erpensea per mnoifif m. are 9 H., which ai 4'^/^ interest correspendi 
to a capital turn of 225 31 . 

An alteration in the plan of the trace is therefore adrantigeon* if when the line Is lengthened i 
meirts the oapital-cqst it lessened by more than 22& s M., or if when the line be shortened by m m, the 
eitra capital outlay is less than 2£5 a H. 

In this way eny and erery question that can arise as to changes in tha ttaoo m^i be Tery simply 

•OlTOd^ 

Considerationi affecting the acquirement of latid^ the character of the grouiidior 
the existenea of foad and river-crossinge may render necessaiy alterations iir the trace. 



Fig. 16 
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Pig. 18. 
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As regards land-acquisition, built-^ver gronnfl or land valaable from othtA^p con- 
siderations should be gone round; runnimg through private property is to be avoided; 
churches and cemeteries will usually not be interfered with. 

The configuration of the ground will rarely occasion a diversion of the trace ; but 
the character of the ground may easily do so : thus bogs and marshes and all ground unsuited 
to embankments are to be avoided. 

Boad-crossings will seldom afford sufficient ground for altering the. trace in plan^ 
and probably only in the case of Local lines; this is so because a sharply-angular crossing is 
usually more cheaply avoided by a diversion of the road crossed than by diverting the railway. 

Changes in plan of the initial location of the trace are most commonly caused by the 
conditions under which streams and rivers affect the' line. In such cases the Hqe should be 
placed as far outside flood-areas as possible, and running- through standing .water is to be 
avoided. Ruhifing water shouM be bridged at the place where the istream is uniform and 
controlled, and where it offers a suitable ground for fonndatious and a rectangular crossing. 

To avoid a diagonal crossing either a divevsion of the stream or an alteration in the 
plan of the line may be adopted. 

If it be desirable to divert the course of the stream from — Fig, 16— -the line EBO 
into the line E F O, then the saving due to the rectangular bridge at F as compared with the 
oblique bridge-crossing required at B ought to exceed the cost of diverting the watercourse. 
But the deviation of the line or trace from A B C into A E C is only justifiable if the 
saving in the rectangular bridge a,t R is greater, as compared with the diagonally-orossing 
bridge at B, than the additional expense of building the line A H C aa compared with 
A B Cj plus the additional 225 x M. for the maintenance and working of the a^ of extra 
length of line. 

Repeated crossings may be likewise avoided by a diversion of either the stream or 
of the trace— Fig 17, 

In both cases the cost of two bridges at A and B is saved ; but in the one case the 
stream must be diverted into the line F G Hj in the other, the line must be deviated into the 
line^ D C E. This involves an increased capital outlay, and in addition there is 225 m M. 
be added for operating- and maintenance-expenses for the increased length of x metres. 
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§ 3». 

Location In Hilly Country, 

The trace in liilly country will have gradients in several of its sections which exceed 
the limits of *' non-injurious " gradien*s. The plan of the trace is influenced by the 
configuration of the ground^ which latter will in the Technical Trace usually occasion very 
considerable deviations from the Commercial Trace. 

The simplest case is when both terminal points of the trace lie in one and the same 
valley, so that the line follows the direction of the thalweg or water-channel. But 
if the terminal points lie in different valleys unconnected with each other, then the 
trace has to be carried over one or more watersheds or *' divides." In that case the best 
crossing-point of the watershed has to be determined both in plan and elevation ; the whole 
length of the trace is thus divided by these watersheds into sections connecting points in 
one and the same valley. 

To surmount the watershed, the lowest j5oints therein, viz., the saddles, or passes, are 
as a rule, to be chosen, acd amOngst them there is usually one which is better than the other 
adjacent ones. Only in exceptional cases will it be advantageous to cross a watershed at some 
higher point, where it may be that the formation of the ground is decidedly more advantage- 
ous for tunnelling work, or where a considerable shortening of the line can be obtained 
as compared with the line over the pa^s. 

For each point of the watershed that can possibly to come up for consideration as 
a possible site for the crossing, the best position elevation of the trace must be determined 
before a comparison with rival points of passage can be made. 

Technical tracing in hilly land when there are two or more watersheds to be 
crossed begins with the determination of the best height at which to pierce them. With 
this object that watershed is first studied in the approaches to which the steepest gradient 
presumably occurs, which then becomes the ruling gradient for the whole line. 

If the ruling gradient 8 is carried up in a length l^ to the watershed then the 
working-expenses on it per tonne net-load are from Eqn. 10 — p. 31, 

fcj = (-56 4- 2^8 + 39ls) l^ 

If on the other side of the ridge the down line has an equivalent grade 8^ for a 
length 2} then on this the working-expenses per tonne of paying-load are 

&,= (-56 + 23^^ + 39^)^2 

Jf, finally, the length of the remaining length of the trace is l^ and its equivalent 
gradient is 8^ then the working-expenses on it per tonne net-load are 

i, = (-66 + 2^s^ 39J,3) Z, 

The sum of the working-expenses for the whole length of the line isi = Jt. + Jfc + 
*^8 ; and putting l=li + I2 + l^ 
then 

k = (-56 + 23^) I + 39f (Z, # + /,«, + Z, s^). 

Again, putting the height to be surmounted on either tide of the watershed 
« ^1 = fci and *i Z, = A, 
then 



k = (-56 f 28^ Jl) I + 89|(fci + fc, + i, #,) 



If ihe proposed height at which the ridge is to be pierced is redoced by ^ km. 
I J and A 3 are therefore sraaller by x^ and the aaving iu working-expeiisea per tonne is 

Similarly, the saving io the working-expensos incurred in hauling a passeBger over 
the whole length of the line is 

I 



= (l0|^-h58f). 



If the annual traffic over the line ia T tonnes payiog-load and P passengers thea 
I he saving in M* doe to lowering the piercing of the range by x metres is 



£=[l'{70i + 238) + P(32i+17U)]g^ 



(56) 



Tot oiample : if T > 



400,000: P » 250,000 ; f - 120: t, - S, tbem 



The ftpax of the ttnee mb the watershed mxai therefore be lowered until mnj fuiiher Iiaweruag of it 
by one loetrB wotiJd increase fehe intereit on the capital-eoit by 2f3&l M. If tba fcnnnel per ranniag- 
mette cOit S^OOO M^ inyol^iag paymont of iDberaBtof 120 H. then the Qoor o£ the tannel muvt be lowered 

mntil a farther lowering' of one metre woald entail a leagthening of the ttmnel of -=-5-^- •• 19'9ni. 

In deducing Eqn. 56 for the saving in working-oxpenaes produced by a lowering 
of the apex-height of the trace by 3^ metres, it has been assntned that the ruling gradient is 
riimitiiahed in a corresponding ratio with the lowering of the height to be surmounted. If, 
howeverj the ruling gradient be nnaltered by the lowering of the apex then when this latter 
iA lowered by ar metres the regnhing Bavitig is only 

£r=[238r+l7<iP]g^ (57) 

Tot example: jf T - 400,000, F =^ 230,000, the saying E ia only « 4&4 *. M. so that for the aisamed 
coat of the tunnel an elevation would hare to be found for which a fnrtber lowenng by one melra 
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would produce & lengthening of the tuimei by lao^a tb^a r^ ^ 
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When several places suitable for tannelliag the wateiaUed are available for choice 
it is often possible to select one by the aid of a similar calenlatioti ; but in other cases the 
work of location must bo carried out further to enable the several lines to be compared 
tugether. 

When the trace apex-height in the watershed has been determined the whole length 
'>f the line 19 ipmfacio divided into seotiona each of which for its entire length lies in one and 
i,he same valley. 

If the line crosses a valley, descending from a watershed to the bottom of a valley 
a^nd from this again rising to the next watershed, th^^n the best elevation of the lowest point 
in tli'j valley is fixed by the same method of calcniation as in the determination of the best height 
at which to tunnel the dividiog riJge. Of course in that case we cannot go lower than the 
height or point at which it is necessary and proper to bridge the stream. 

When the highest and lowest bends of the trace have been in this way fixed in plan 
and ©levationj we have obtained the vaUey*sections of the trace each of which rinses from a lower 
initial point to a higher terminal point in one and the same valley. In many cases in which 
the line in its general conrse follows the length of the valley there is a free choice for the 
location of the lino as between one-side or the other of the stream. The best is that side of 
the valley which offers the cheapest landj the greatest security against landslipSj where the 
sidelong slope is least, which is faced by the sun^and on which the smallest and least important 
sile-valleys debouch* AU these requisites are seldom found together, and therefore the choice 
of one side of the valley or the other often demands the most carefnl consideration of all the 
29 



above conditions; and not seldom it will be found advisable and advantageous at certain 
selected pointa to pass the trace trom ane^id© of the stream to the other. 

The further working-up of the trace is begun in those valley -sections which contHin 
the ruling gradient, by examining whether the previouslj fixed grade cannot be still further 
improved. This examination may lead to modifications of the location of all the remaining 
sections, and may even have a retrospective effect on the fixing of the tunnel elevation in 
the watershed. 

Since the working- expenses of the whole Hue will be less the smaller I he ruling gra- 
dient is^ it must first be determined whether the ruling gradient can be carried out in one 
uniform ascent from the lowest to the highest point only broken, if at aO, by stations* 

A line with one umform ffradieni is to be soii^ht for on a contoured plan according 
to the method given in § 38, huggiog the natural features oE the ground as closely as possible. 
Most usually such a line will folio v the vall^, curving in and out with the bends and 
turns of its slopes. After having detcrmiuod thifi initial locHtion, which may be regarded as 
a "natural Kne" of ascent, we have next to consider whether the trace cannot be better 
located within a narrower band of lines of shorter lengths and having .corres^pondingly steeper 
grades, by reducing, or even entirely eliminating^ the curves of the '* natural line '' of ascent, 
thus giving deeper cuttings and higher banks^ or by replacing thesje by tunnels and viaducts. 

In greatly winding and moderately rising valleys it has to be exatniDed whether it 
would not be better to entirely abandon a line lying in the valley-bed, and instead to ascend 
by one or more crossings of the valley and tonnellingof the ridges separating the bends of 
the stream, to reach .the watershed from the lowar initial point in tlie valley by a mnch shorter 
and steeper line. 

The choice between these two different traces as ta be msie in the folkwin^^ 
manner* Xiet the probable future annual t rathe of the line be T tonnes paying-load and P 
pafisengers. Let the portion of the trace to be carried out on the ruling gradient $ have a 
length Z| and the remaining part of the line a length l^ on the equivalent grade b^ : then the 
working-expenses are 

K^=^T {*56 + 63 f) ii + P (-967 + 40 1) l^ -h Ti'^ -h 2^M -h 39|#a} l^ + 

P{'967 + 101^4. 29J«,) ij 
and the maintenance-^expenses are 

K, = tr (I, + I,). 

If the height to be surmounted on the ruling gradient is h km., and if there be corvee 
of a*^ total central- angle on this grade, then from § 23, we haire 

Aj = ft + -0000173 o ; and h=^^ 

Sabstiinting these values, and since 

K=K, + K, 
we obtain 



K e= [r (06 + 39| «s) + P (-S&r + 29f «,) + P] I, + (63 T + 40 P| A, 
+ (-56 T + -967 P + FJ ^* + (2Sf r + 10| P) I, a. - in pf. 



(58) 



For eiampte ; let T « 400,000; P * SfiO.OOO; U « SOOiOOO : [, ^ SOt ftnd tur^^r, let tbe Ent tfim 
of tlie *b«T« ei^tmtion %bfeh in indeipendeat of t ttaid h^ be put m M i thtim we have In Marlu^ 

S - Jl + 852,000 h^ -I- 7658^ + 3,GDO,OO0 # 

It the lino be n*rrifrd tlong the railed following in the cloecsl po«tible manner the eonfigo ratios ot 
the fftmnd frtwrebx poitiblj i - "005 and A^ pi '215, th«n the wgrkiog* uid in&lDteDAnco^^xpe&wi 
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On tfae other hund, U the ioriei of lineg fotmiDg the trace w^i^o •Itdd out 84) ai to /»0€iipj a l«w 
width lateraUj, thtu abortanuig the length of the trace, wberebj h , — *2l0, and « v '0052, then tl:te 
workmg-Oind maiateaakHce-ezpt^aaai would b& dimimiBed to 

Kw. Jf+ 401,905 M., 

or 21,069 M. leu th&ZL In tho prerioiit cft«e wkero th^ liofl more clorcly foUowed the gronsd. Thi^ 

21069 
inor« direct line shoiild tbua have the ppoference if tbe.eitra coat of coDitroction were Ima thftti — ^i 

— S2§J25 M. 

BQppoBLUg 4i third liae were possible on whjch^ by cutting out tho Tanej-windings tho watorab^ 
could be reaehed on & abortor tine ; then if here h^ (=3 '204, ami x » '001, the working* and maiaten&Lfe- 
expenses would amount to 

ir=Jf + 264,231 M, 

Thus compArod with the Hr^t line examined, the worleiug- and m,{kiDtonanpe<expea9es would be 
Bmaller by 158,748 M. ; so that this Hoe should havo tlie prcfcronce if the co»t of conBtruotion doei not 



exceed that of the firit lino by taoro than — , - ■ 



3,^66,575 M« 



In this way choice between several possible locations, and consequently also, that 
the best raling gradient is very easily made< 

In the above calculation a uniform through -grade to the watershed haa been assnined 
thus reducing the working- and malntenance*e^penses to a minimnm. Apart from the fact that 
a break is rendered necessary by the intermediate stations^ the carrying out of such a through 
nniform ascent would involve a rety considerable outlay in construction, although of course 
less in hilly ground than in mountainouB country. If the through -grade should cause the 
trace in some parts of the line to rise high above the bottom of the valley, or side valleys to 
be crossed on high banks or on viaducts, or the lino to lie along on steep Bide-slopes, or to be 
moved away from the intermediate localities it is desired to serve then it will have to be 
considered whether by abandonmg the tmiform through-grade and by improving the sections 
at the bottom of the valley more cannot be siived than the resulting increase iu^working- and 
maintenance-expenses amounts to. 

The calculations requisite to determiDe this point are made in the following manner. 

The working- and maintenance- expensea of a Uu& of I, km. in length, of whioli tho ruling gradient 
of whieb tho equivalent grade for goods-trafflo is s^ and for paaiooger-traMo ia 4, are giTon by 

5^-r(56 + 23if4-39i<J I, +P(U67 + 10|i +2&Hi)^ + Crii .» (59) 

Were tk^ line carried out on a nniform grade of i ^ '0053 and fchua a^ and *, =^ '0052, and itl^ - 40^ 
T - 400,000, P = 2SO,0QO, U « B00,000 pf.; tbon from tbe above Eqn- tho working- and maintenance* 
expenses wonld bo 

jb: = i^? (56 -h 63 X 0062) 40 + ?^2 (gfl? -J- 40 X 0052) 40 + 3,000 X 40 - 379,516 M. 

On tho otbor band, were the line carried out on a brok^n-up ascent of a total length of 42'3 km.| and 
fitted more closely to tbo bottom of the valley, of whiob 15 km. were on the ruling gradient i » *00e, 
8 km- on a grade of *006, 2 km. on a grado of '005, and 17*8 km, on gradoe under '0086 j and if thero 
occnrrod in tboso last seotions cnrvei of 360° total central -angle, and oo the *' injoriona " grades ourvei 
of 400^* central- aoglp, then— § 11 — tbe equivalent grade for good»*traffic would be, 

I, - ^ r|*0036 X I7*fi f ^178 + WOOlS (2 X 360 + 400)1 - T3O013 
and for poBfteuger- traffic, *— 

t, = ^ r ^55 X 19-8 -h lea + OOOOIS (2 X 360 -(- 4OO) 1 - 00694 
in which tbe altitndoa lormonnted on '^injndona " ascenta ar« innottdd^ rii* ^178 and *168 kmixeapectivelj^ 
The working- and maiutenanoe-expeniei are therefore^ 

C- ^^ (-56 + 23 iX 006 + 39| K 00613) 42-8 + ^^^(-967 + lOj x 00S+ 29i X -00694) 42*6 



+ 3,000 X 42 8 B 432,280 M. 



[16 

Th« workiag- and m^iDtatiAci^e-expaciB^A art? tbtii on Ihe line with the broken ftsc&nt grd&t«r bj 
(432,230 — 37t*pS 16) = S2j76t M, than on tLo line hftTing the nnrform thi-oygh-grade. If m oommon 
with bhis seetios an additional length of 30 km. is worked^ then on ihU latter, m a coDseqaonco of th& 
increase of the roHng gradient from *0>&3 to "008, the working-expenAfii i nor ewe hy 

K,^^ (400,000 X $9"! + 250,000 X 29-i) {*008 - -005S) 30, - 19,488 M, 

Thai the total incfeaMd ontlaf for working- Skud maintf^nancc-expeiiBeB U 
62,764 + 19,4SB - 7l^f»2 M. 

which mnst tbereforo be connterbalaneed hf a »aTiiigiii cost of oonstrnction of more than 

71^252 



*U4 



= 1,781, 300 M. 



before tho propoflcd change from the through uniform-grade can be oommeroiallj jti«llfiable. 
There is a much larger scope for choice in the arraDgement or disposal of grades in 
those seetioBs in which the ruling gradient is already fixed by the location existing in otheF 
sections. Omitting the stations od the level or oo a grade of 1 in 400, the grades for the 
whole length of the line — from the principles of § 27 — are to be made through OBt either aa 
'' injurious/' or '* non-injnrioas," When the elevations to he snrmounted sni the length of 
the line permit the exclasiFe enoployment of "non-iiyarioms" grcdes* (which for goods- 
traffic must be less than 0036,) then £ icents followed by descents are permissible. In the 
reverse case when ^'injnriams*^ grades h&re to he exdusively employei— which are to he 
kept within the ruliog gradient and the limiting value of the ''non-injurions" grades of 
0055 for passenger-traffic — all the graiea must etceni in the same direction* 

In accordance with this rule the grades will be so ch-isen thstt the cost of coostructioit 
shall be the least possible^ remembertng at the same time to obtain sufficiant elevation to keep 
the line clear of water and to cross roads, etc.^ and farther that a too frequent change of 
gradient should be avoided. 

Bnfc occasionally a deviation from the above rule will cause a saving in the cost of 
construction which will exceed the simultaneous increase in working-expenses. 

For e sample ; if fa a trace, in whieh onlf " non-injurionB '* gradient! are to bo nfted, there were 
introdnced a gradient of '0045 for a length of 2 km. : then for passenger- traffic there would bo no 
additional increase in the working-expenses : for the goods*tmffic, howoTer, there would be oiso of 

39! ('OO-IH - -0036) » ^ 0714 pf. per tonne; 
and consequently, for a traffic of 400,000 tonnes pajing4oad an fncreaae in working^expenBcs of rS6 M. 
The adoption of the gmde of '0J45 wo old then be jni tided if at tbe same time thereby, as compared with 

a grade of ^0036^ there were —saved ^ 7,150 M. in coat of eonstmction. If the grade wtre farther 

increased to '006 thf>ii for paasenger- traffic, alsot there wonJd be an increase in working^eipenae« 
and for m traiBo of 2o0,000 persons the increase woQld aroonnt to 

jig 400,000 X 39| (006 - 0086) 2 + ^ 260,000 X 29^ (006 - 0053) 2 - 335 M. 

to justify which it weaUl be neoessiLry to show a lading in cost of con$trtiction of 20,87C M^. 

If , to take anoiher instance^ the trace had to be carried ont throughont en ^* injurious '* grades, 
and there were a length of 1 km. oa a grade of '004 ; then for goods- tmlSc tbere would ha no additional 
oipenje j wbereos per passenger the journey would become dearer by 

2&J (^0065 - 004) = -0^ pf> 

If a grade of '003 were used the iaorease in eipense per paitenger would rise to 
29| (0066 - t(08) - 078 pf. 

And for the paying^tonne also there would be an increase in working- expenses of 
S9| (*00»6 - -003) ^ '02aa pf . 

In the subsequent more detailed working tip of the trace it may happt^n that altera* 
tions become necessary in its plan and consequently in the curves and in Jength of the line, 
r.rising from the eonsidemtiona mentioned in discussing location in Q^t country — the 
acquiiiition of landj character of tbe ground, crossing of roads, and water-courses. 

In all th^d caaes, in order to intelligently make choice between the rarious 
secttutis of the trace nnder consideration, the sum of the working-expenses^ maintenance* 
cxponso^ and the interest on the capital sunk has to be ascertained ; as is illustrated in what 
follows. 



11> 

Bnppoae that for a line of which the Tolnme of trafllo amovntf to 400,000. imuiei paying-load aad 
260,000 paMengen, and of which the maintenance-ezpenBef are 8,000 M. per km., and which hai a mling 
gradient of t =5 *01, there are two ponible traoee to chooee from, A and B, connecting two terminal pointa 
of which the line A*m estimated coet of conttraction ie 600,000 M. and that of B is 540,000 M. The length 
of the line A ia 2'5 km. of which 2 km. is strai^t on a grade of "000, aad conieqnentlj attaint an eto^atios 
of "OlS km. ; and the remaining *5 km. ia lerel and on a corre haring 80** of centxal-angle. 

The eqaiyalent grade of this line for goods-traffic is 

f, - ^ pS K •0M6 + -018 + 000018 X 8 X 80.1- -00888, 

and for passenger-traffic, is 

f , - j^ ^-8 X 0065 4- -018 + •OOOOIS X 2 X 80.)- "00878. 

Conseqnentlj, the working-expenses are 

E,^ ^^^^ (•66+28i X -01 +891 X -00885) 25 + ^?? (-967 + 10| X -01 + »i X •00878)2*5 

- 19,558 M. 

If to this is added the maintenance-expenses, 7,500 M., and the interest <m the capital oost, 84^000 K, 
then we obtain the total annual expenses as 51,058 IL 

The line B is 8 km. in length on a grade of -OOO, aad has 100^ of central-angle 

The equivalent grade both for goods- and passenger-traffic, is then 
«. . I (-018 + -000018 X 100)- -0060. 
Accordingly, the working-expenses are 

K - ^^^(W + 281 X -01 + 891 X -0066) 8 + ?^?? (-967 + 10| X -01 + 29» X -0066)8 

- 22,166 IL 

Adding to the abore 9,000 M. for maintenance-expenses and 21,600 M. for Intereii on the e^UiJ* 
cost we obtain as the total annual charge 62,766 H. Conseqnentlj, the UiMil Is tba flnanoial^y bette 
line by the ananal aaoonl of 1,618 IL 
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§34. 

An Example of the choice between two possible Locations 

in Hilly Country, 

Aa a coiDplement of the discussioa in the foregoing § 33 we will take an actual 
example for investigatton. 

For tlie branch line Sarnau-Praiikeiiberg, which will be opened to traffic ia the year 
1888, there were two possible lines for consideration. 

This norti ml -gauge Local line is to be worked bj mi red -trains only, and the working- 
expenses of goods- trains on Main lines inaj be taken ns fairly approximating thereto. The 
traffic will probably at the outset not ammint annually to more than 300,000 tonnes gross-load. 
But haviDg regard to the further possible increase of traffic we may assume aa an estimate — 
according to § 12 in Part I of this Work^ — a normal volnme of business of 400,000 tonoos. 

One of the possible lines has a maximum grade of ^^ with carves of tiOO" radii ; con- 

Be^iuentlyj a Ruling gradient of 

tf:=x*0166 + *0033=r '02 

The whole length of line is 26*14 km. of which ID'S? km. is ou '^ non injurtoos '* 

gradients; the remaiuiog length is on ** injurious" grades and ascends to a height of *1879 km. 
In the sections on '^non injurious^* grades there are curves having a total central-angle of 
7'2'2^ : on the 'injurious" grades curvature amounts to 918^ central-angle- 

The Equivalent grade of the line is therefore 
«3 ^ ^MiT '^^^® ^ ^^'^ "^ ''^'^ ^ -000018 (2 X 722 4- 918)1 = -OlOa : 
and the Working-expenses are 

j^^ 2604^x^^0 ^.^^^ ,Q ^ .^g^ j^ ^ -0103) =04.315 M. 

On the second line the maximum grade is r^ so that with curves of 30C" radius tin* 

ruling gradient is 

*= 01887 +00333 =0223 

Of the whole length of 26 km, there is 12 km* on "non-injurious " grades; and the 
remainder^ on "injurious " grades^ ascends to a height of *1931 km, Ou the "non-injurious ** 
gradients there is 699^ of central-angle, and on tbe ^^injurious" grades the curvature 
is 956°. 

The eqnivalent grade of this line is therefore 

ia = ~ ['OOiiC X 12 H- -1931 + -000018 (2 x 699 + 056)] = ^0107 

and the working -expenses, 



K=^ 



26 X 4f>0,000 



lUU 



/•24 + 10 X '0222 + 17 X "01 0?) = 66,966 M. 



The cost of working tbis steeper second line is thus greater than that of the 
first by, 

66,966 — 64,315 = 2,651 M. 
but since It is *14 km. shorter, the maintenance- expenses are somewhat smaller; so that, 
allowing lor this^ the extra operating cost can be put down at 2,400 M, Bui dinco 
this line with the steeper ascent is cheaper by 110,000 M* in constructioD^ or by an ami oat 
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interest-charge of 4^400 M^ than the other line with grades of ^, it is better than the other bj 
an annual amount of 4^400 - 2^400 s 2^000 M., and for this reason is to be preferred. 

The choice might turn out otherwise if we took into consideration the fact that a 
future prolongation of the line is in prospect^ in which the ruling gradient will be the maximum 
gradient of the section here considered. 

Supposing that after 6 years an extension of 25 km. is probable, causing the 
traffic on the whole line to increase to 500,000 tonnes gross-load, viz. an increase of 
100,000 tonnes; then the lesser working-expenses of the I: 60 line would increase by 

Of* ^ 1 

.— M. or 663 M. On the 25 km. extension the working-expenses per tonne-km. of gross- 
load, if the ruling gradient were '02 instead of *0222, would decrease by 

10 ( -0222 --02)= 022 pf. 
and so, as a whole, by 

25 X 500,000 X -022 j^ = 2,750 M. 

If the line with grades of 1 : 60 had been chosen, then after building the extension 
of the line there would be a total saving in working-expenses of 

2,4C0 + 663 + 2,750 = 5,813 M : 
and therefore, after deducting the interest of the cost of the extension, there would be an 
annual saying of 

5,818-4,400= 1,413 M. 

By selecting the line with 1 : 60 grades there would be on the completion of tbe die- 
tension an annual loss compared with the other line on a gradient of 1 : 63 of 2,000 M. 
which at compound-interest would in 6 years amount to 

2,ooo(l:2ill::ii) = 13,420 ai. 

of wliicli the interest, 537 M., is to be deducted from the gain to be obtained later on ; so 
that for the 1 : 60 line there remains an advantage of 

1,413 - 537 = 877 M. 

But if the extension of the line were not carried out within a period ot 14 years, tbe 
annual loss on the 1 : 60 line would amount to about 36,000 M., of which the interest is 
greater than the advantage which would then be derived ; so that the selection of the 1 : 53 
line would have been the better one. 

The choice of the trace, quite apart from the uncertainty of the estimate of th^ 
probable traffic, as the above example shows, often depends upon circumstances the influence 
of which can only be intelligently guessed at. 
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535, 

Location in Mountainous Regions. 

The ODiidittotie of loeatian lE hilly districts^ ^here the lengths of the valleys 
occa<iiaa circuitoos deviations often invoWing increased cost of oonBtroction to fihortea 
them, differ from those in moaiitainoas region^. In the latter the valleys are often so abort 
that to obtain the best gradients a line has to be sought for which exca^da the valley in 
length* Also, in hiUy country, the climatic and hydraulic conditions have only exceptionally 
any influence on the position of the fcraoe, whereas in monntainoas regions they are often of 
very great importance. 

Wben it is a qnestion of reaching a place lying amongst mountains which can be 
attaiaed without crossing a watershed then, since the elevation to be surmounted is known, 
the first and most important problem is the determination of the best gradient. 

In moat mstauces, however, a range or "divide" has to be crossed. In tliat case 
not only the best |»ositions and gradients of the approach-imes on either side of it have to be 
determined but also the best point in plan and elevation tor the crossing of the water-ahed 
or ranges 

If there be more than one possible point of crossing of the watershed for selection 
then that pass is to be looked-for which offers at the same time the lowest elevation 
shortest lengthi mo%t convetiieBt and snitabU grctuidf the best anl most faYOurable clim- 
atic coEditionti and of which the approach- valleys offer the most faTonrable conditions for 
the location of tbe approach lines leading up to the crossing, and wMch at the same time 
in their lower ietstions approximate most clcsely to the CommerciH Tra^e, 

Regarding the choice of the valleys by which the approach is made, the following 
points have to be considered ; — 

1. The Shape 

(a) The longitudinal fall of the valley ; this should differ as little as 
possible from the ruling gradient subsequently fixed on. 

(6) The cross-section of the vsUey, of which the enclosing sourroundiDg 
adjacent heights should be neither too bigh nor too steep. 

[e) Its ground-plan — this should not have too acute bends or windings. 

(d) The eiistence of lateral subsidiary valleys offering facilities for the 

development of the line. 

2. The Natnre of the 0ronni« 

(a) The ground should be as easily excavatable as possible, and yet should 
not require too fiat slopes for the cuttings and enbankments^ 

{h) The danger of slips and slides should be as small as possible. In this 
connexion it is particularly necessary to note whether there are any 
traces of former landslips, 

(e) There should be as little chance as possible of stone-avalanches. 

(<i) Building materials, euch as sand, ballast gravel, quarry stone, ©te,, 
which can often bo bad at small cost and of good quality, 

3. Hydrmnllc ComditionSi 

(ci) The Bize of the flood-areas, and the amount of annnal rainfall. Thia 
will enable conclusions to be come to regarding the flow per second 
at low water, at the ordinary level, and in floodi. 
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{6) The existence of water-power either already in use or utilizable. 

(c) The presence of torrents which form alluvial cones or moraines. 

[d) The presence of torrents which simply fall in spray, 

4* Cllmatir^ and Weather Conditions. 

(a) The aspect of the valley with reference to the sun* 

{b) The length of time the snow lies on the ground, and its depth* 

{c) The occurrence of avalanches. 

(d) The average temp€*rature, particularly during the winter, 

(5) The Econoaiio Conditions. 

(a) The economic employment of the soil and its degree of productivity. Thifl 
ii of moment as regards the price of the land and the volume of 
the local traffic- 

(fc) The residential conditions of the population ; these are of importance 
as affecting the amount of the probable local traffic, for the locaiing 
of the station-aiteSj and for the housing of the work-people during 
the period of construction- 

(c) The nature of the industrial occupations of the inhabitants. 

(d) The location and condition of the existing roads. 

The ]ust balancing of all above conditions which is requisite in weighing the claims 
of the different valleys is of course a very difficult problem^ only solvable when couaiderable 
intelHgence is coupled with a wide experience. 

In the majority of those cases — ^usually rare— where a choice between the merits 
of different valleys has to be made, some of the abovementioned conditions may be of 

such predominant imporkince that all the others can be left out of consideration. 

Only quite rarely will it be necessary to completely wort np rival projects in order 
to come to a final decision. However, for the exact fixing of individual portions of the trace 
all the abovementioned conditions for valleys are of importance. 

Having selected the valleys on both sides of the range for making the ascent the 
most suitable elevation at which to cross it is then to be determined^ bearing always iu mind 
the mutual connexion of the height to be surmounted with the gradient of the approaches on 
both sides. 

The lower the watershed -crossing is the less is the height of the ascent and the smaller 
will the most suitable gradients (as seen from Eqo. 3L) of thti approach inclines be ; so that in 
general each change iu the apex-height of the trace necessitates an alteration in the length 
and the gradients of the approach lines. 

For the fixing of the height of the crossing the determining circumistance is : that 
the open portion of the line must ceaie at that point at which the working of the line first 
becomes impeied by the presence of snow and ice. 

The greatest altitude of uncovered or open line above sea-level is for Alpine 
valleys : — 

On the Gottliard Line — North side ,.* -p. ,.» 1109"*, 

— South side ,„ ,„ „. 1145*". 

121^0" 

... 1302^. 



t* 


Pusterthal j, 
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Mont Cenis ,j 


!.«« *** 
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Brenner ,, 


.** 
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Arlberg „ 


— East side 
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—West side 
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Vary mucli greater elevations are crossed m otiiei; p^fts of tbe wesrM, 

Iti America the Denver and* Rio Grande Railway crosses the La Vata Pass at a lieiglit 
of 2950"*, and the Marshall Pass at an elevation, of 3430™, The Peru-Bolivia Railway from 
Arequipa to the Titicaca crosses the Portes del Cruxera at 4470"* and the Lima-Oroja 
Rj, at 4778^ — the greatest elevation above the sea-level hitherto (1888) reached by a railway. 

The difficulties experienced in working lines at high elevations arise from the reduced 
adhesion of the driving-wheels of the locomotive on the rails, and from the presence of snow. 

According to the experiments of StocV.ert* on the Kaiser- Ferdinands Nordbabn, 
extreme cold decreases the adhesion* At O^O, this decrease amonnts to 5% j at— 5°C. to 10%* 
at— lO^C. to 15% ; and at— Io^Cp to 20%, Thus, for exatnplej i£ the mean temperature during 
6 winter months were: — ^^ ^h® weighty of trains would have to be 11% smaller than in summer. 

In addition to thiia disadvantage there- is the increased coat of track- maintenance 
due to the expense of clearing away snow, and the inconvenienco of frequent interruptions 
of traffic by severe snow-falls and snowdrifts. 

At certain elevations, which vary e^normously with the geographical position, the 
severity of the weather and the difficulties, interruptions, and increased expenses arising 
therefrom in the working of the traffic and in the maintenance of the rodd reach such a 
degree that any higher rise of the trace is impracticable. 

But even, if the climatic conditions shc^uld permit of an opea line, it will only be 
exceptionally possible to cross a mountain by a line in open cutting, as is done, for example, 
at the Brenner. The general rule will be that in order to cross at the best elevation the 
watersheil must be pierced by a taimeL 

In examining the best elevation for this apex-tunnel it will -most usually be found 
that the only possible choice lies between single poi^itions of ihe tunnorat definite heights apart, 
and that no other intermediate elevation lying between these points is practicable: since the 
ends of the tunnel must be^so situated as to allow of a snfficient spaca far. the requisite 
workshops, etc, j and generally, also, for a station site ; and must, in addition, he suitably 
situated for the junction of the lines of approach from the plain below. 

Suppose that for one of the possible poj^itions of the appex- tunnel the entrances 

A and Bf and consequently, the length of the tunnel A B, are' fined provisionally, then the 
positions of the lower ends and /^ of the approach-inclines A G and D B have to be deter- 
mined. Consequently, it has to be examined whether the stations at which the working of the 
mountain sections is to commence would not be more advantageously located beyond C further 
down the valley towards E; and similarly beyond Z> downwards to the valley J*. The sections 
E and X^ F, and the tunnel A B, are farther to be run over by the unbroVen-up trains 
jointly with the approach-incrlines A C and D B on the ruling gradient. 

Let the sum of the lengths of the appex-tumiel and of EC and D F bt* = I, and iho 
eqnivalent grade of the same be 9^* To the heights An /»j, which tha inclines A C and D B 
surmount on the ruling gradient there is an addition to be made for the reduction of tho 
grades in curves which will amount, for a^ of central -angle, to '000018 »• To the height to 
be surmounted there is to be added the height lost in the reduced grade in long tunnels. In 
the case of the Grotthard Ry. this reduction of the ascent was taken at 3% for all tunnels 
of greater length than 500°="* Adhering to this rule, for a total length X of all tnnnels of 
length greater than 500™, this would amount to h = 003 X metres, 

Tho height to be surmounted is consequently for both ramp^ 

h^hi + h^ + '000018 or + ^013 X 
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In this way kaving determined the ratio -r= m,, the amount ©f the kilotnBtfic *!O0fe 

oCconatoiction ^4^ the kil ope trie road mainteuance- expenses Fj the number of the uiiitB T of 
traffic, viz. the sum of the tonnps of payirig-Ioad and of passengers despatched annually, then 
the proper gradient for the ascent is calculated from Eqn. 31, 

The tractive-force coefficient is in this calculation to be takea at '1, which may be 
assumed as correct for mountain railways in general. 

If, as frequently happen s, this calculation yields such a steep ascent that the lengths 
of the approaches turn out shorter than the length of the Viilley forming the approach to 
the ftper, then the trace loses one of the distinctive features of a mountain line^ namely, the 
necessity for a development of length exceeding the length of the vaOey, although in other 
rdspectfl it may have the character of a mountain line^ 

But it must be cnrphajsised that the calculation of the best gradient by Eqn, 31 is 
not entirely determioative of the choice of the asqentj since this equation cannot take 
account of many detects which a steep ascent possesses. Danger in the working of the line 
increases with the gradient, there is an increased wear of raih and tires due to the extra and 
excessive use of brakes, and further there is a reduction of the speed of travel which is 
uudesirable in the case of pasdenger-traftic ; all pi w,hich circumstances increase the outlay 
on train-fitaff and the interes^t on the capital outlay in locfimotives and tenders — which in the 
formula is assumed as invariable for all gradients. A^d finally^ iu steep ascents, owing to the 
comparatively small weight of the individual trains, a larger number becomes necessary, and 
^ increasing traffic renders a double track necessary earlier than would otherwise be the caae. 

Now since a flattening of grade only but slowly increase the transport expenses 
involved in Eqn, 31 (as Table XIV shows) and in order to allow for the abovementioned 
circumstances not taken account of in the calculation which make a steep gradient disadvanta- 
geoui, a gradieut conj4deraUy flatter than that given by Eqn, 31 must be chosen. 

But even allowing fully for all the circumstances making for a flat grade, it is 
impossible to escape the conviction that in many mountain railways characterised by 
a great development of length the. grades have been mi; de too flat. Thus, for example, 
the trace of the Schwarzwald Railway from Offenburg to Yillingen — so cleverly located 
by its engineer Qerwig— must in view of the selected grade jof 1 : 55 be regarded almost as an 
extravagance. Also the trace of the Got thard Railway, located in such a masterly manner 
by Hellwag, would from the economic point of view have been certainly more advantageously 
built on a steeper grade** Apparently, the location was influenced entirely by the mandate 

not to go beyond a maximum grade of j^, and thus the grades "of *0?6 and *027 have not beea 

exceeded. 

For the Northern g pproach-inclme of the Gotthard Tunnel* which between Erstfeld 
and Goescheneu forms a distinct working section^ tlie best gradient would have been obtained 
according to Eqn* 31 as follows. 

The height of ascent between the Erstfeld Station and the Goaschenen entrance to 
the tunnel is '6 km* If it is assumed that there are in this section curves of 2000*^ of central- 
angle then, owing to the reduction of grade and consequent loss of height in the curves, this 
height must be increased, for the purpose of the calculation, by 

2000 X '000013 = "036 km. 



Farther, there are three tunnels each above 500*" in length, so that applying the 
requisite reduction in height in each, a further addition of '003 ?< 3 = *009 km* is to be 
made to the length of ascent, which accordingly becomes 

'06 ^ '0036 + *009 = '064S km. 

[' Conf * OQ thifl intopeBting point Wellington i Economic Theory of Location : par. 916-4 : mud eEpe^mlij 
Welliogtoo: C^rrBBpondonoe On Economical Eajiwajs : Mins, Proca, I, C. E, Vol. LXXXV : Part III \ p« 184*— Taj 
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Sincejit may he anticipated that tlie result ot calculation would slmw that the ruling 
gradient need not begin at the Erstfeld Station, but on the coiitrarj the trace from 
Erstfeld onward can follow the bottom of the valley on low grades for the first few 
kilometres, and since further the stations are on tlie level^ it may be assumed that in 
addition to the ramps on the ruling gradient, there will be, approximately, say, 1^6 km. 
o! bank on low grades^ of which the equivalent gradient will be, say, *^ = -0014. The value 



therefore of the ratio m i^ = r = 



615 



= 0-3* 



The construction-cost per km. may be taken as 700,000 M,, the kilometric main- 
tenance^arpenses at 4,000 M, and the volume of the traffic (the sum of the tonnes of paying- 
load) and passengers, allowing for a gradual increase, at SOOiOOO. 

Further, let the load-coefficient 6 = 24, the rate of interest t =? *0i : w = -0036 ; 
i = 'l; L = mi 5^ =32; a = 2o : so that 

5 = 32 + ?^^^= 107. 

Also, let e S5 2 and / = '15. 

The virtual aumber oE trains is, conseqaently — § 24, 

_ 2^ X 8000 00 X -0036 _,,„<> 
"~ {*!- '0036^60 - "*>- 

and the best gradient— from Etjn. 31 — ia 

•I -'OOSri 



t = 



/" 



1+V^ «^ 



107 + 9-3 X '0964 ^32 + J x 26 X 60 x -008 + ?-^0y«i4J 



^) 



107 + j~ (70,000,000 X ^04 + 400,000 4 CD x 2| x 8OOOO0) 



that is, t ~ '045 =: 4i %• 

With suck a gradient the surmounting the height of '645 km, would require a length 
of 14'33 km. Since the length of the valley from Erstfeld to Goeschenen is 20 km. there 
would remain 5 '67 km* over for the station-yurds and for the initial section in proximity to 
the bottom of the valley. Thus the resulfc of the calculation, made on the assumption of a 
lengthenuig of the ascent, shows that no such development was necessary — since the length 
of the valley is greater than the length of the incline requisite when using the optimum 
gradient. 

Now since it is impossible to shorten the valley the working-expeiiaes would be 
reduced to a minimum if, in accordance with $ 33, the trace from it^ starting point at Erstfeld 
up to the tunnel -entiance at Goeschenen were carried on a uniform grade — exclusive of the 
reductions of ascent which must be made in curves and in the longer tunnels. 

Allowing a level of 500°" for each of tbe three intermediate stations there would 
be a straight open length of 20 km. on a i^rade of "035, The line as actually executed, on 
the contrary, is 28 9 km. long, and has 24*3 km, on a grade of '02t>, and curves of 300™ radius, 
and consequently, a ruling gradient of 

•026 +~= 0293. 

The working-expenses as also the cost of construction of the shorter and steeper line 
would unquestionably have been less than they are on the line actually carried out. 

On the present existing line, in which curves of some 2800*^ central-angle occur, there 
is *6 km. on " injurious '^ grades and 4*6 km. on '^ non'*injurtoiis ^' grades. The eqtuTaleDl 
grade is therefore, for goods-traffic 



~ (4-6 X -0036 + -6 +'000018 x 280o) == 023L 



wliereaa for n line with a ruHtig gradieni of '035| it would be 

#, = 4 ( ^ *^' ^ *^^^® "*" "^ ^ ^000018 X 2000) = *032I. 
TI10 working-expenses per tonne gross-load for tte e.ctnal lirjearej tlier^fore — Eqn. 7^ 
fc - --JS-O F-IS + " X •O'OS + 32 fQO=^G + -0208) + ^ x 25 x -1 X 60 (•00=i6 + '0231 -| 

= 230 pf. 
and on the line without developem«nt they would be 

32 (-OOSa + -035) + i X 25 x "l x 60 ('0036 + 0321) 



a20[- 



1 5 + 2 X •035 + 



'] 



= 25-6 pt 

Accordingly, for 80*^^000 tonnes gross-load of goods- trains^ such as now p&ss over 
the Goithard, there would be saving on the steeper and shorter line of 

8CO,000 (28-5 - 25'C) A- = 23,200 M, 

Allowing for the slower speed of travel and the eonseqitent increase in the expenses 
of train-staff and interest on the cost of rolling-stock, tins saving might probably be reduced 
to 20,(00 M. Tlie saving in the working-expenses of the pa-senger-sej vice— counterbalancing 
the disadvantages of slower runaiiig — are thus left i^ntirely out of eatisideratiou. In addition to 
the saving in workini^-expen^es here put at 20,OCKJ M. there is also a reduction in cost of line- 
main ten» nee of, SHy, 4,000 M. per km. ; and therefore for 8*9 km, this amounts to 35,000 M*, so 
that for the shorter and steeper line the tolal saviug under these heads, working and main- 
tenaucet would amount to 55,000 M* 

Tbe cost of the construction of the steeper line— following th© valley without develop- 
ment, nod of some 7 km. in length — would be somewhat less iu the higher sectiotks where it 
would lie closer to the valley -bottom thau the existing line does ; and the lower 13 km. even 
of thia line, although it would have been loeiited iu very difficult and dangerons places on the 
valley -side, would have probably bet^n cheaper tljan I he 21*9 kui. of the actual line. 

With the same total length of tunnel of 7'3 km, as on the present line all the difficult 
and dangerous phices in the shorter line could certaiiJy have been uvercome, liut even if the 
coat of its c instruction had be^n greater by an annual interest-charge of 5«jO,000 M. the 
shorter Hue would have been the better* 

A perfectly indisput:ible o|union, as to the cost of construction could, of course 
only be arrived at bj an actual detailed congtruction-estimate. Still so far as it is possible 
to judge iu the absence of such an estimntej a steeper gradient on the Northern approach 
to the Gotthard Tunnel would have been preferable^ and such a gradient would no doubt 
have been carried out had not hampering stipulations brcn hnd down as to the grade to be 
employed, Accortiingly it has not been our intention to giv e here an expert opinioti covering 
exhaustively all the circumstances oE tfm Gottbai*d lociitiou; we have simply desired to 
illustrate by a striking example the kind of calcnlatiur^s and con^tiile rations which are necoa- 
sary to determine the optimum i.e. the financially most advantageous, graiNont of a mountain 
railway. 

It may further be pointed out that th*^ adoption of a steeper ascent for the Gotthard 
Railway would have rendered imperative at an earlier date tbeconstructioM of a second track; 
and this, notwithstanding the low gnvdes, is even now quite unavoidiible.^^' 



The best value of the ruling gradient having been satisfnctoiily detei mined, we have 
then to investigate whether the provisionally-assumed elevation of the apex tunnel has not 
been altered thereby, thus necessitating its re- location. 



i( Ihe apax-beiglit of the trace cmx be attained on the previouslj determined 
ralinf gradient # only by increaalng the length of the I in**, then by lowering or raising the 
■ommit by h km. the length of the, ramps of approauli will become smaller or larger by the 

amoitni -. Thus, if the interest of thii; cost of constraction, the maintenance- and the working- 
expenses per km« of the approach-ramps is £~, the expense SrOcruing ffx>tn the alteration in 
height of the poiet of passage through the watershed is 2 JT — • 

A good example in i iiistrarlon of moh a ca^e is afforded by the Albsrg Railway. 
As is well known, there were two rival schemes, fin upp^r and a lower ; regarding the 
relaliire merits of which at the time there ra^ed a Itirely diacassion. 

On the Arlberg the traffic preponderates^hoavily in the direoiipn e^^ to westj and in 
this direction the ruling gradient was fixed at*'02($4| whereas in the other directioD| west la 
east, of lesser truflic, the gradient was made "0314* 

Assuming the paying-load in the latter direciion to be only ) alf of that in the mmn 

direction; aad that the load-coefficieut b in the principal directit>n of the traffic = 24; that 

the tractive -power coefficient z = 1, the coefficient of resistance ic = "6036 ; then with a 

ruling gradient in the principal direction m = '0264, the gradient in the other direction 

may be^ according to Eqn. 12, #| = 0317- From Eqn, 16 for the working-expenses, for 

an nnequal traffic in both direationa of the amount stated^ we obtain a load -coefficient = 

2fc 2 X 2i ^1 

"i = -i r — «i7 as our basis* 

1 -h r 1 + 4 9 

The working-eitpeuaea p^r tonne-km* of paying-load on the ruling radiant are there- 
fore^from Eqni 4^ 

1. - q^ "^'1 n -L 9 ^ -O'^iU ^ 32 ( OQ'^g + '02(34) + 4 X -25 x '1 x GO f0036 + 016 :)t 
k_3^ L1U + 2K U.U4+— 60 CI --0036^ -02641 "J 

= 3157. pf. 
For the passenger- traffic, which may be assamed as equal in both directions^ the 
fttilTer gradient in the subsidiary direction, id,, "0314, becomes the ruling gradient ; so that 
the working-expenses per passenger-km. on the ruling gradient are 

L T ^ Lin- _L 27(W55_+ 0314) + 1 x -25 k I x 54 (0055 + •0314)1 

ft;^ 1^^400 + — &4(l^'00i6^-0314r J 

= 1-9 pf. 

Assuming a traffic of 500,000 tonnes paying- load and 300,000 passengers^ the 
working-expenses per km, on the rnling gradient are 

K = j^ (^00,000 X 3-157 + 300,000 X 1-9) =^ 21,485 M, 

By the addition of the coit of construction varying from 5,000 to 6,000 M, per km* 
this amount becomes 27,000 M. 

The lower trace has an apex-tunnel of 10270™ in length and its entrances are 1215" 
and 1302°^ above sea-level : whereas the higher trace has an apex- tunnel 7000" long, and 
entrances at 1382™ and 1878 above fiea-le>?jel. The higher trace is longer than the lower 
by 5*4 km., and this is on the rnling gradient j so that as regards working-eipenBes ancl 
maintenance, it is, 

^•4 X 27,000 = 145,800 M. 
more costly than the lower. 

The higher trace has, in addition, 3 stations more than the lower, apd is 7 km, longer 
in open leogth; so that taking ioto account the stations and the. expense for snow-clearing 
the extra amonnt of the working^expeuses and mairitenauca is to be put down at about 
1 60,000 M., which at 4% corresponds to a capital sum of 4 m:mion M. 



i'2r 

¥• Stocskert {loe. eiL) reckons the extra ezpeDse of oonstmcting ibe lihe on the lower 
trace^ t ikiDg into acconnt the loss occasioned by payment of interest daring the period of 
constraction— which latter he fixes at 3 years for the approach-ramps^ 4| years for the upper 
tnnnel^ and 5 years for the lower one — ait 2} million gulden, or about 4) million M. 

Accordingly, the upper trac^ is better than the lower by a capital sum of 500,000 M. 
or an annual sum of 20,000 M. Nevertheless, as is well known, the lower trace has had the 
preference, although its supporters estilJnated its extra cost— on the basis of a smaller traffic 
than has been here assumed — ai mote than double the llmount just calculated, because it was 
feared that its exposed position and its great height above sea-level would give rise to serious 
difficulties in, and coiitinual obstructions to, its'working. 

These apprehensions have been completely justified by the experience of the winter 
of 1888 when even on the lower trace the traffic suffered very cdnsiderable obstruction from 
snow.* 

As to the difficulties in construction and working and the greater cost which are to 
be expected on lines situated at gfreat elevations above sea-level, an opinion of any value can 
of course only be arrived at after long experience fortified by a thorough and searching study 
of the local conditions. But hot didhe the elevation above sea-level but frequentliy also the 
elevation relatively to the bottom 6f the valley enhances the cost of construction and the 
expense of working to such a degree that a radical change of principle on which the location 
has been carried out may have to be considered — as the following § will show. 
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$ 3S. 

"Continuous and Broken C3rdd0s^ 

Since valleys, in general, gr^ ualTy diminish in degree of fall from above downwards, 
a line nnifarmly falling at the mean rate of the valley from the watershed downwards will 
gradnally depart from the valley*bed and, at a certain point in its length will attain it^s 
greatest vertical height above it and finally will rim into the bottom of the valley. 

Owing to irregularities in the longitudinal fall of the valley — see 5 1— it may happen 
that a line on a uniform grade would in certain part« of its length fall below the valleyiand 
have to be carried by a tunnel nnder the bed of the stream* 

Now although tbe conBtrnction of such a tunnel would ordinarily present no extra- 
ordinary diflScuIties from an engineering point of view yet the presence of water, might 
make it impossible. However, it is mainly on the score of the expense thi^t the location 
of the trace below the bed of the stream is to be avoided. That point of the valley which 
would have the greatest vertical height above such a trace on a uniform through grade 
becomes a technical ^' &xed*point ^^ in the elevation of the trace. Tims the upper-exit of 
the Dazio George i^ the valley of the Ttcino, in the southern approach-ramp of the Gotthard, 
forms such a point, see Fig, 

Let ji — Fig, 18 — be the lower starting point of aline ascending a valley; E, the 
upper terminal, being either the apex-point, or some other technically fixed-point in the trace. 
It the grade fixed upon as suitable is flatter than the actual average grade of the valley 
between A and E^ then a development of the trace will have to be carried out in one of tho 
waysj described in § 37, In determining the reqniMte length of tho trace, the reduction of 
tlie grade in stationSj in ourveSj and in tunnels must of course be taken into account* 

If the uniform ascending grade starting from A cuts the valley-bottom at B^ and if 
£ Z> C be a uniform grade de&cending froTu jfe?, then from the vertical diskuice D B between 
the two the rei^uisite length of development to connect tliem can easily be found. 

This development can be made at a single place by means of the development-line 
3C DfOr at several suitably chosen points along the lines B F K H E^ ov B FKJ Gh E, or 
AMNKSE^ etc. In general it is best to make the development at those points where the 
ascending line intersects the thalweg, and not to give too much of it at any single place, in 
order that the trace may not be anywhere too high above the bottom of the valley. 

A trace high above the valley is undesirable for several leasons, although the 
acquisition of land there is usually less expensive than in th > neighbourhood of the bottom of 
the valley. Amongst the disadrantages of a trace at a oonsiderable height aboye a yaUey 

may be mentioned : 

1» Its distance from the population^ usually found in or near the bottom of the 
valley — ^^thus rendering difiicult its access to the stations. 

2. Ite distance from the roads^ which as a rule lie in the neighbourhood of the 
bottom of the vailey^-^thus rendering diflScult the bringing up of building 

mater iak, 

'S, The steeper sidelong inclination of the gronnd^ent ailing increased earth- 
work. 



4. The HSU ally tnoi^ irregiikr shape qt the lonj^itmiinal eection of the ground 

surface, entailing more frequent curves and formidable earthworks. 

5. The greater danger to the working— arigiiig from falUcg stones, avalfincheg, 

and torrents. 

0. The difficulty iu finding a location— arising from the presence of alhivial 
cones, or of torrents. 

7. The greater difficulry in working the tra me—arising from the lessened 
adhesion due to moisture, fogR and elondu, and ice on the rails. 

When the trace does not lie on the bottom of the valley at a safe distance from 
rlie foot of the vallty-sides so aa to be outside tlio region of the cones of deposit of torrents^ 
the range of the api-ay of cascades, the path of avalanches, and fnlk of stones, but is located 
on the sides of the valley, then in the higher mouiitaiuous regions there is hardly any means 
of avoiding avalanches^ falls of stones^ and cascades other thnn thai of placing the line in the 
face of the njountain and tunnelling under the dangerous places. The cones of deposit, if 
not cut into too far below their apexes, can be crossed by a bridge of a single span. If 
intersected more deeply such comes are preferal ily traversed by a tunnel, which as a rule 
will have tu be located in the firmer ground of the si to of the vallejj and only exceptionally* 
can be built in an open cat or excavation through the body of the cone which is afterwards 
covered*in. 

Under certain conditions by adhering to uniform ascent wjtii its consequent 
considerable elevation of the trace above the bottom of the v«Hey the difficulties and cost 
increase so enormously that it is better to altogether abandon it. Instead of seeking— as we 
do wlien adhering to the uniform a?cent— fur the line most closely conforming to the assumed 
niot^t favourable gradient, the Gn^iding Principle should be to seek a favourable location 
in the neighbonrhool of the vaUey-bottom, and to keep the line there so long as this 
can possibly be done witbont exceeding the maiimnm perxuissible grade and minimnm 
cmvaturej rnd to begin enrnaonnting the difference in height by development only where 
the natural formrtion of the gronni is naloager practicabl# for the continnance nnifr 
favourable conditions of the line in the neighbonrhood of the valley-bottom/ 

In this vvny the trace is kept for a great part of its length so close to the bottom 
of the valley that no extraordinary coijstructional difficulties arising either from the con- 
formation of the ground nor from natural pht^nomena can occur; thus providing a sufficient 
degree of safety to the line and iti working. Only when a stiffer ascent of the valley offers 
obstacles to the further progress of the line along the valley should any lengthening of the 
line be undertaken. 

These principles were laid down by Hellw&g for the location of the Gotthard Kail way 
in his remarkably concise and luminous " Report on the Location of the Centre-line and 
Longitudinal Section of the Gotthard Ry. *\^ and were carried out in its construction. 

It is clear that a trace with broken ascents in which the general direction of the 
valley is followed in closest proximity to the valley-bottom on grades changing to suit the 
shape of the ground and where the slope of the valley-bottom never exceeds the ruling 
gradient cannot attain the elevation whicli would have been got by the continuous ruling 
gi-adient. Since the height so lost has to be recovered in the developTueut on the ruling 
gradient^ the line must of necessity be longer thuu that on the continuous grade ascent. 

To warrant a deviation from the continnous grtdoi the increase in working - 
expenses dne to the lengthening of the line mnst bt covered by the wving in cost of 
construction* 

L Cont Kowfttsch : Bettrftge eh Triwefttudien liber Eiseiib*hfiftiil»g«b m Bereieb« won Sokuttkegelii. Wi«a 
188 L VerLftg von fi, von Witdlioitti. 

[2 Coof. WelJini^oD: Chap, XVI, part. 745- -753, AIbo Wellington: CorreBpon deuce on Kconewicai Kail- 
W»JH| MioB. Froct. L C. K., Vol. LXXXV, p. im, for tho Ainerican form of tbi« maiim.— TbJ 

2 Zurich : VerUg ton Ziircber it&d Ftirter, 1^^. 
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As an ei&mple; iijay be cited the S^atbern Approach moline to theOottliard TunneL 

The valley of the Tienvo from the Biasca atatbn, situate at an altitude of 296™*, up 

to the entrance to the apex-tunnel at Airalo^ 1145"" above sea-level^ haa a length of 36 km. ; 

so that taking into account the level-lengths forming the stations and the reduced ascents in 
curves and tunnels^ a through ruling t^^ratiierit of '002O to *0027 could be obtained without 
resorting to development* But thisunifurm ascent would? hare lain for a considerable distance 
in aud above the Dazto g<irge, under the fissured rock-bed of the Ticino ; ao that the upper- end 
of the Dazio Gorge at 9 W^ elevation had to be taken as a technical fixed-point in the elevation 
of the trace. From here upwurds the trace follows the Vrtllej and rises without development, 
firstly oa a very fldt gi*ade and subsequently on ^ grade of '0026 up to the entrance to the 
tunnel. In the low6r sections the trace follows the valley from Biasca downwards for some 
12 km. on varying grades^ tlie maxiuium being '0027 : then on a development in 2 spiralB it 
ascends the upper-eud of the rapids of the Ticino above Giornico, then again follows the 
valley^ in prosimity to the Talley-bottom, for some 7 km., and finally ascendB in 2 spirals to 
the upper- end of the Dazio Gorge. See Pig, 

In tlie whole *of the south approach-incline there are developments of length only at 
the two falls in the valley at the Dazio, and above Giornico, by which a height of '27 km* is 
obtained i the trace following the course of the valley for a distance of 34 km* Since in the 
development there occur curves of a total centre-angle of some 1500*^ and some 6 km. of 
tunnels in which the gradient is diminished by *0O3, the effective height to be surmounted 
by developing is 

h = -27 + OOOOIS X 1500 + 6 >c^003 = -315. 

The riitiojot tbe length of line without any development — viz» I ^ 34 the equivalent 
gradient of which is '018 — to this height is therefore 

■315 

Noting that the cons traction -cost per ktn. of the development is about 1,000^000 M., 
and inserting this value in pf* (100 million) for A in Eqn. 31, and putting m ^ 108, s^ ^ *018, 
HI id keeping the other quantities the same as determined in § 35 for the Korthern approach- 
incline then from Eqn. 31 the best gradient for the development is 

» = ^08. 

In curves of 300™ radius this gradient must be decreased by *0033, and where these 
curves occur in tunnels, by *003, and is consequently to be fixed at *0287-' In the spiral- 
tunnels there is, actually, a grade of '023: so that the correct figure has been hit-off almost 
exactly. 

The working-expenses per tonne gross-load for the line as carried out between 
Biasca and Airolo, a distance of 48 km. of which the equivalent grade s^ = '02, and of which 
the ruling gradieot is # = '03 {i.e, a grade of '027 with carve of 300*^ radius) are 

K^ t^^n-^2 ^^0^-1- 32 ( -0036 + -03) 1 25 X t K 60 ( 0036 + '02) \ 

= 416pf. 

If instead of the discontinuous ascent closely conforming to the valley-bottom from 
the Dazio Gorge to the upper-end of the valley, the ascent had been uniform then^ whOe 
retaining the ruling gradient of '03^ the length of the valley could have been utilized, thus 
reducing the length of the trace to 38 km., viz. a shortening, as compared with the actual 
line, of 7 km. In that case the working expenses would have been 35"1 pf. per tonne of gross- 
load^ — or 6"5 pf . less. On the assumed normal volume of traffic of 2 J x 800^000 tonnes groas- 
toad this gives an annual saving o£ about 120,000 M. in working-ezpenadi. 



If we omit from consideration the maintenance-expenses and assume that the 

shorter line, owing to its higher position on the valley-sides, would have required the same 

maintenance-expenses as the existing 7 knu-longer line, then the construction-cost of the 

120000 
38 km.-trace with uniform grade might have been ^^ = 8,000,000 M. greater than the 

existing 45 km.-line on discontinuous grades; 

Now although in the presetit instance— ^where, apboi^ding to Hellwagt the construction 
of the line on a uniform grade olEered difficulties of a* pitu^tically insurmountable order— the 
location on discontinuous grades was justifiable, yet as a general rule it will only in n(re 
instances be advaOtageous to ddviate from a conttnoouB-througl^ grade. 
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§37. 

Development of the Trace. 

Tjengthing the trace to obfcaiii flatter gradients maj be effected in several wajss' 
depending on the configuration and nature of the ground— viz* by runuing up into side- 
valleys, lij lacets or loops, spinils, and zig?.ags. 

(1) By ranjiing up mto lateral v^lleyfi— Fig. W- The trace leaves the main 
valley at A and ascends on the Vme A B D into the lateral valley, turns-round at D into the 
line D E F Q and continues the ascent from G along the main-valley. The gain in height 
corresponds to the difference in length of the carved line A B C D E F and the chord A G* 
The entrance into the 9*de-valley at ,ii, the turn at i>, and the exit or return at ^into the main- 
valley is, as a rule, only possible with the minimum permissible curve-radius coupled with the 
appropriate reduced grade. The length gained is further reduced if the entry into the \'alley, 
the turn, and return to the main-line require longish tunnels in which the gradient has again 
to be reduced. If therefore the parts B C and E F are of no great length the gain in elevation 
i^ but small. 

In order that the part of the development entering the eide-valley shall not run too 
rapidly into the valley-bed — which latter usually becomes rapidly very steep towards the head — 
ii is necessary that the trace when turning off at Aj shall be already at a considerable height 
above the bed of tht^ side-vaJle}'. 

It is generally the tum-roand at the head of the valley — particularly in narrow 
valleys^where a sufficient distance between the branches jEjFand B C hi E and G at the end 
of the side-valley can only be obtained by deep cuttings or by tunnelling in sidelong ground 
fhat is the expensive part of the work. It k often advantageous to utilizt* a bifurcation uf 
the valley to make the turn, as is shown in Fig, 19. 

Of the two parts of the line rnnning roand the side- valley the entering one is usually 
©0 the lower, the other branch on the higher or upper slope of the lateral valley ; in this way 
ihe crossing of the side-va I ley at considerable height at, or in tlie neighbourhood of, its opening 
Into the main- valley may be avoided. This circumstance, w^heu side* valleys are suitably 
formed, may even make the running up into side-valli^ys desirable solely oO the ground of 
economy— even though a development of the traces be not necessary, or when increased 
length is in itself undesirable. 

In exceptional cases both limbs, A D, E D, of the side-vaUey development may lie on 
the higher or upper-side of the side- valley, the trace crossing the entrance to the side- valley 
before entering it. But as such-side valley-crossings must always occur at a considerable 
elevation — an expensive feature — such a location can only come up for consideration when and 
il the lower slope of the valley offers great physical difficulty in carrying the entering 
limb [A O of the development along it. 

A change from cue side to the other is not unnanal when running up a lateml valley 
for development— particularly in the case of the lower-tying branch of the trace* 

In narrow side- valleys running almost parallel with each other it may happen that 
the entering line lies in the lower valley and the returning branch in tho upper and parallel 
lateral valloy — the connecting turn piercing the range separating the paraHel valleys. 

Fine examples of the utilization of la^ral vaUeys for development are offered by 
the Semmering and the Brenner Kail ways 

(2) Lacets or Loopi^Hare the tracfo follows the main- valley — Fig. 20 — uutU it 
almost intersects the gradually increasingly steep valley-bed and then turns a semicircle* 



Fig. 19. 



Fig. 20. 





Fig. 21. 




Fig. 22. 
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rising from fcbe valley-bed it advaocea ascendiog in the opposite dire&tloni i,e. down tie valley- 
bed and finally returning on itaelli in a semicircle^ it ascends in the ongiual direction np the 
valley. 

Three portions of the length of this loop-development lie opposite to each other 
in a crosS'Section of the valley i these are the lower part A B, the reverse C D E, and the 
returning part E F G. The gain in length is greater than obtained by mnning up a eide- 
vnlleyj since the whole length of the loop B D E F G forms the increase in length. But the 
sharp curves and the usually indispensable tunneh for the turn and return, by the redaction 
of the grade thereitij diminish the length gained, 

A further advantage as compared with the employment of lateral valleys lies in the 
circumstance that the trace in the maiu-v alley may^ by means of loops, be carried upwards 
therein nntil it almost intersects the valley-bed ; where^is when carried*np into a side-valley 
the development mast conamence when the trace i» already at a considerable height above the 
valley bottom. 

If the shape of the ground allows of so doing it will be advantageons both for the 
turn and the return to utilize the entrance side- valleys in the manner shown in Fig* 20* In 
this way it becomes possible to put the turn »nd the return at least partially in open out on 
the slopes of the side-valley. 

At the commencemeut of the loop the trace, as a rule^ crosses the main- valley at an 
elevation just sufficiently great for the construction of a bridge. 

It is seldom that thk crossing of the valley at the beginning of the loop can be* 
avoided and the leturn be made towards the hill-side instead of towards the river or vaUey — 
bottom, so that the three lengths of the loop opposite one another shall all lie on the same 
side of the stream. 

When there are several loops one above the other in a finite length of the valley 
— as is usually the case with the ordinary cart-roads but only rarely occurs with a railway line 
— this form of trace is described as serpentine^ each of the bends being about 180°, 

Beautiful examples of loop-development are to be found on the Blac^ Forest 
Railway. 

(3) Spirals are a form of development in which the curvature of the return continues 

in the same direction as that of the turn, thus forming a complete revolution. 

At the end of the spiral the return limb D £f— Fig, 21 — must be carried over the 
turn A B G. At the point E where the trace crosses itself the whole length of the 
development furnishes elevation. Both for the turn and for the return of the spiral the 
presence of side-valleys may be advantageously utilized on the slopes of which the trace may 
be carried in cut and, under some circumstances, the tunnel work may be confined to the 
ridge separating the two valleys* In that'Cfise we may regard the spinal as a special caae 
of utilization of parallel valleys in which the entering portion of the trace lies in the 
upper, andtheleaviog limb in the lower side-valley* 

Spirals may, however, be carried out quite iudependently of side-valleys by penetrat- 
ing the hill-side by a spiral tunnel and continuing the spiral turning until the direction of the 
main- valley is reached, emerging in open — cut on to the valley -slope. In narrow valleys 
without available side-valleys and with st«ep side-slopes spirals may sometimes be the only 
possible method of development^ however costly such a course may be. 

Tunnel-spirals have been employed hitherto only on the Gottbarl Railway, and on 
this account the trace of that line is unique and highly interesting. 

(4) Zigzags. Here the direction of running of the trains is changed at the 
station at the head of each zigzag. — Fig, 22, — Zii^zQgs arc as a rule the cbeapast form 

U 
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of length-development — only to be used, however, when necessity compels^ owing to the 
inconvenience of the movement and to the ensuing loss of time doe to the change of 
pirection. 

An example of a zigzag is that at Elm in the ascent of the watershed between Main 
and Fnlda on the Frankf urt*Bebra Line. Much more remarkable are the zigzags on the Liina- 
Oroya Railway. 

By means of zigzags at B and P. — Fig. 22. — development B D Fi9 obtained in the 
direction of the valley without sharp curves and generally without long tunnels so that by ii 
height is gained directly and without any reductions. 

This advantage is purchased at the expense of the additional lengths of the head* 
stations, B C and E D which add unpropitably to the actual length of the line, unless they are 
also required for or by the traffic, and they increase the outlay on coustructiau and workings 
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k 38. 

Locating the Trace on a Contoured Plan, 

The location of the traee by tneana of a contoured plan can not be begun until con- 
clusions— provisiooai and susceptible of alteration— bare been arrived at regardmg the 
following points i— 

(1) The plan and eleyation on the watershed of the opper teiminal of the ascent, 

(2) The position of the lower terminal in the valley. 

(3) The value of the ruling gradient 

(4) The mioimum permisaible curve — ^radius, 

(5) The minimuin length permissible o! intermediate straighta between reverae 
curves. 

(6) The reduction to be made in the ruling gradient in curves of which the 
lengths exceed a given quantity and of which the radii are less than a 
given length, 

(7) The reduction in the ruling gradient to be made in tunnels exceeding a 
certain length. 

(8) The position^ lengthy and the maximum permiasible gradient of stations. 

The location of the trace is usually best commenced at the upper terminal — because 
its position is more clearly defined than that of the lower one. 

If the length of the valley is not sufficient in which to attain the requisite elevation 
on the assumed grade then we have to examine at what point the development should commence 
and the particular form it should take — §S7 — to gain the elevation desired* The side of the 
valley is then to be fixed upon in accordance with the principles of § 33. According to the 
iide of the valley chosen^ the point of crossing from one side to the other^ the point at which 
to develop the trace and the mode of development choseu^ there will be a number of possible 
lines for examination and comparison. 

To determine the trace, a length - — » where h is the vertical distance apart of the 

contonre^and i the grade^ — is taken up in pair of compasses and stepped constantly downwards 
from each of its intersections with a contour* When the contours carve sharply wo 
measure in the same way the chord of the subsequently required arc making allowance 
approximately from the outset for the reduction of grade required in the curve* 

If when crossing a valley or a gulch the nextlower4ying contour of the opposite 
slope cannot be reached with the length taken in the compasses then we go downwards 
two or more contours with two or more compass-lengths. 

The provisional trace thus obtained forms a series of straight zigzaging lines the ends 
of which lie on the contours. To this is now to be fitted as closely aa possible a series of 
lines formed of corves and tangents, beginning at the upper-endj and working ou a length at 
a time of one or two kilometres. The arcs are best drawn by means of a template formed of thin 
oardj or preferably of transparent horn, shaped as shown in Fig* 23* A unmber of such 
templates are prepared for the curves most commonly in use. On the tangent of the template 
is the linear scale of the contoured plan, and at the beginning of the curved portion the edges 
are aubdivided to the same scale. On the back of the template there is an identical scale 
for curves in the reverse direction. At the centre of the template there is a small hole enabling 
the centre of the curve to be marked on the plan. 



136 

The template is nseJ as fullows: several templates of different radii are moved 
abant on the paper until the one is found, which best suits the zigzags of the line of ascent 
and the proper connecting lengtli of curve is then tem plated with a lead-pencih In this way the 
arc from A to // is dr-wn, and template rotated until the end D of the template- arc comes 
to B^ and the tangeut to the curve at the end of the latter in the line D E i^ theu drawn. 

^\^en tlie trace thus formed of a succession ef arcs and tangents has been laid down 
on the contoured plan it is divided-up into ^teps of elevation of 1™ or 2*^ each. 

For example, if the upper terminal of tlie line to be traced on a ruling gradeutcjf '0125, 
( ^ ^) lies at a heiglit of 50C™ tlien a length of 80™ is to be taken it) the eotu passes on the 

scale of the plan and, going downwards ou the traeej the baights 499, 498, etc, are marked off. 
If when thus proceeding the point of commencemeut of a curve of 300*^ radius is met in which 

the grade must bo retlueed to 0125 — "003-J = '0092 then a length of \u^^.; = 105*7'° is to be 
taken in the compasses and with this length the subdivision in the curve continued. Sup- 
posing the change of grade occura^ say ^ at the height of 496 4™ then from the height 497 
to the b eight 496 the length to be marked-off is 

^6 X 80 + '4 X 108-7 = 9 1;5'^, 

Having marked*o£f on the plan the elevations of the tm^ in vertical steps of one 
metro tlien at each pnint of division is to be determined a point iu the ground, perpeudiciilar to 
the trace of equal altitadc. Tlie Hue connecting the points so determined running from the top 
to the botiom of the trace is termed the zerc-line.^ In those parts of the trace which are iu 
bank it lies on the hilUside ; and in cuttings^ on the valley-side. 

If the area contained between the trnce and this zero-line is lightly shaded with a 
a soft pencil, then after a little practice an idea can be easily formed as to whether the 
banks and cuttings balance one anothtTj or whether to prncura this bulance the trace should 
be moved* When the trace cioj^ses dttp valk^Vii ur lits;* iu tunnels the zeru-hne is useless. 

The trace having been shift€*d if necessary so as to equalize cufs and fills it is 
subdivided into lengths or '^stations" of 100"*. A small shifting of the points of change of 
grade is desirable when by so doing the grade-lengih \a made nn even multiple of 10" 

It is now easy from the lengths, akitudes and the contours on the plan to plot b* 
longitndmal section of the line, aud for this work millimetre section-paper is most useful* 
A rough estimate of the banks and cuttings ba^ed on the section so obtained will probably 
indicate places where the trace should be moved inwards or outwards to obtain a better 
balance of cuts and fills. This completes the geu'^ral preliminary work of location. 

In the detailed workiug*up of the project cross-sectpns on the ground ta]c€Q, 
at sufficiently small distances apart at an average distance of, say^ 10^ are indispensable. 
for obtaining the best plan and elevation of the trace. 

In many cases it is useful in order to avoid a needlessly — wide contoured plan to fix 
the initial zigzag series of lines on the actual ground by the aid of a clinomcterj and to this 
zfgzrig line to fit to a second series of polygonal and Irmger lineSj and to confine the contoured 
plan> to the immediate neighbourhood of this line* 



[* Vido Wellington: par. 1246, p* 6dO. This u the Hoe qt ** trace" along which the amount of earthwork 
would be am absolute minimuiii. 

" 5om«tiiii(^B wlion the lloe rnuB on a eide 8luii«> it is comeldcrod neceesafy to laj do^vn the so- called ze regime. 
** Thii in the tmce on the utirfaco of the gronnd which would he made bj a borizontal title moving conLiniiotiB]? 
*' perpendiuularlj to the centre line* Howerer, it is mre that the loml conditiona are »o aitnple that any tmitworth7 
*' oonoltutoii ran be drAwn frcini the relative poffltiona of the Ecro-Unc: aad the cc-ntrci Itoeaa to tht» equaiiEaticin of ruts 
'* •.nd fills erth<* iraproTEmont of the locatio*, and for thia rna^on the writer never rande any u»c of it in hin practico/ 

F- Kreutcr l Lini*nfuhrung der Eificnbfthnan, p. 130— Ta,]. 
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T}ie remaining stages of the genertA location^ viz. the joining-up of the straights by 
ennres to form the final trace, its graduation into altitudes, the determination of the zero 
line; the more exact fitting of the trace to the zero line, the subdivision of the length of the 
trace, and the plotting of the longitudinal section, cannot be carried out properly until a 
contoured plan has been prepared^ so that the use of a clinometer does not in any way 
render the preparation of a contoured plan unnecessary ; it simply prevents a needless width 
of survey being made. And when as usually happens in intricate ground more than one 
line presents itself for consideration a considerable area of contoured plan is unavoidable and 
the use of a clinometer then affords no special advantage. 

However, the consideration of these questions and indeed the whole of the pre- 
eeding description of the location of the trace is really an excursion into the province of tjie 
practical part of location and is foreign to our inmiediate object. 
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THE ECONOMICS OF RAILWAY LOCATION. 

On til© theory and practice of railway location, maoh has been written^ but iu most 
Qa^cs ihti subject has been treated as a general proposition, and analyzed in a more or leiia 
iriathematical style, A broad discusaion of the underl^^icg economic principles which sbould 
govern location because of its important relation to construction and operation, has been 
seMom undertaken. For this reason we haye been particnlaHy interested in the new book 
of rules and instructions for the englueoriug and construction departments of tbe Northern 
Pacific Sy»i a copy of which we have receutlj received from Mr. E, H, McHenry, M, Am> 
Soe. C. E.J Chief Eugitieer of that company, under whose direction it has been prepared. It 
covers location, ooiistnictiou and maintenance, and some portions are reprinted elsewhere in 
this issue by special permission* 

Perhaps the mo^t important feature of this book, and certainly one of the moat 
novel, is that which relates to the economics of location, or the relations between location and 
operation, ft is, we beliave, the first attempt to publish condensed instrnctions on thit 
important subject, and to reduce the principles involved to practical rules for the guidance of 
engineers in the field. These rules are given, practically in full, in another column, and it 
will be seen that the subject is treated in a thoroughly scieutifio manner, and with a clear 
perception of its bearing upon the problem of economical operation* 

The rules and instructions will be of exceptional interest to our readers, ond might 
form the subject of more than one editorial, but we will here refer only to the subject of 
gradcis. Wc find no less than four classes of grades treated of: (1) ruling grades, which 
limit the maximum weight of trains ; (2} maximum grades, which may be operated by heavier 
engines or assistant engines; (3) virtual grades, whose rate represents the real resistance (in 
excess of rolling friction) taxing the engine cylinder j (4) momentum or velocity grades, intro- 
duced to avoid increasing ruling grades by giving a run at the hilL The discussion of the 
relations of these grades to operating conditions and train service is of special interest at the 
present time^ when so much attention is being given to the reduction of operating expenses by 
increasing the train loads until they approximate pretty closely to the maximum power of the 
engineSi 

Some of the matter contained within the in struct ions has been drawn from the late 
Mr, A. M. Wellington's well-known book on '* The Economic Theory of Railway Location/' 
supplemented by original matter derived from experience on the Northern Pacific By* The 
theory of virtual grades given in that work has been considerably extended and reduced to 
practical rules. Mn McHenry states, in sending ns those instrnctions, that in the dificussioa 
of this problem Mr. Wellington erroneously assumed equal tractive power of the engine at all 
speeds. The engine power may be regarded as a constant, being the product of the speed 
and tractive factors. These factors vary reciprocally, as shown by a diagram of engine horse 
powt?rs, which is reproduced in another column, being taken from the instruction book above 
mentioned. 

As an instance of the practical inSuence of location upon construction and operating 
expenses, it msy be noted that within recent years the Northern Pacific Ry. has e^tpended 
.considerably more than §1,000,000 in grade reductions* The practical applicatiou of the theory 
of "virtual grades" has saved the railway company not less than §300,000 in the first cost of 
the improvements. In addition to this, it has made it practicable to reduce the ruling rate of 
grades 04 per cent., at far less cost than was originally estimated for redactions to 0*5 per 
cent* only. 

Nearly all our trunk lines have carried out extensive works of a similar kind, and 
based more or less upon the economic principles and traffic conditions herein referred tO| but 
very little has been published regarding the calculations upon which the works hava been 
planned and carried out. 
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Going back to Ite questfoi* df o^igiRal loeatioii^ it nmy be well to remind our readers 
that in the earlier dnjB of our railway hiatoryi and up to within less than twenty years ago, 
the location of railway Unee was couBidered almost a branch of engineering in itself* in fact 
ita relation to the operation of railways was hardly comprehended. There were^ of GOarse^ 
certain limitations aa to maxiintim grades a id curyes^ but these were usually of a very arbit-> 

rary character, sometimes adopted before Bvtu thd receimoissaiice Burrsys were made. The 
effeot of the distribution and arrangement of grades, curves^ and other features upon train 
service and operating expenses did not enter into consideration^ as a general thing. Ths 
engineer^ and especially the locating engineer, thought it the end of Lis business to lay out a 
favorable and suitable line, and then^ perhapB^ to superintend its construction. Beyond that 
point he considered that his Held did not extend. 

It was in those days that the opinion obtsined that locating engineers, like poets^ 
were "bonij not made, ^' and much was heard of the wonderful powers of a man with *' an 
eye for country/' Location was regarded as something mysterious^ and the idea scarcely 
existed that it could be analyzed on a BOientific basis, and its principles made comprehensible 
to any man. We by no means intend to- say that there is nothing in an ''eye for country," 
ar that one engineer is as good as another for location purposes. Some men have greater 
intuitive perception of lopographical oonditio&s than others, and many of the old-time locating 
engineers unquestiotiably did good work in their day. The *' born *' locating engineer , how- 
ever^ was apt to consider himself superior to considerations rf mere scientific and economic 
principles. Had he but understood them, the quality of his work might have been of vastly 
higher grade. He was also apt to be ignorant of, or regardless of^ the operating conditions 
which might bo affected by his work. On the other hand, a good bridge engineer or munici- 
pal engineer might make a poor hand at location, but if he had carefully studied the latest 
and best information on the subject, he would probably have a better b:is3s upon which to 
work than if compelled to rely upon his ''eye for country^' and his general knowledge of 
surveying and engineering. 

The work of the " practical '* locating engineer, as opposed to the scientific engineer 
ia evident ooriiiffiy ef our railways, and has in many caaes compelled railway (^mpaiiies to 
incur large expendittireB f on improvements in their lines in order to facilitate the handling of 
traffic. Not all the changes and improvements in our railways are due to such a cause. 
Many of them are due to the fact that the roads were located and built at a time when railway 
engitieeriiig was in its infancy, many of the underlyLngj>rinciples then remaining undiscovered 
and when it was impossible to foresee the future conditions of traffic. Much of the impor- 
tant work of the locating^ engineers of recent years has been the designing of improvements 
in existing lines, h&ted Upon traffic coiiditiaiis the problems including tkctors never 
dreamed ef in the days when the main study of the locating engineer was to put a lin« 
through without exceeding a certain grade. £Ten in quite recent years traffic conditione 
have been generally looked upon as entirely foreign to questions of Iccation. 

Difficulties in operation are pretty sure to arise upon a line whose locating engineer 
failed to look beyond the construction, and where the questions of keeping within the pre- 
scribed limits of grade and curve, and of keeping the cost of constrnction as low as possible, 
have been regarded as of prime importance. As a matter of fact^ the most important feature 
of railway location is its influence upon the operation of the railway when built. The effects 
of a locatioo which is disadvantageous in this respect will be felt severely in the future, either 
by the continual expenses and difficulties of operating, or by the expenditures of large sums 
to improve the original conditions. Two important problems which frequently enter into 
consideration in regard to operating and economic conditions, are as follows : (1 } The com- 
paralive advantages of a long developed surface line (permanent or temporary) and a shorter 
tunnel line involving heavy work : (2) the comparative merits of a line with cheap structures 
which must subsequently be renewed^ or one built with substantial structures at the beginning. 

In the book of engineering rules of the Northern Pacific By,, it is pointed out that 
in lo lation the aim should not be to secure aline of uniform low cost, but one of least total cost* 



It is a common error to reject routes witli short sections o! heavy and expensive construction, 
in favor o£ more uniform (althongli inferior) routes of greater total cost. We cannot refrain 
frotii repeating tlie following rule, which indicates that wlien location is apparently easy 
it is apt to be carelosaly done, with the result that it may giro a very expensive line : 

The poasibilitj of obtaioiu^ a yery good line should aot proclnde the search for a better one. The greatost 
ftnd meet costly locution errom oc4;ar moat frDquentlj in pniirio regiont. 

In regard to the tendency in practice to lutroduce timber trestles (not required for 
waterways) J in order to save time or to avoid difficulties in building embankments, it is 
explained that the maintenance coat of such structures is far in excess of that of embankments 
of equal first cost, Tho rule is therefore given, that such a structure should not be built 
unless the coat of an embankmenfc exceeds both the first cost of the bridge and the subsequent 
cost of filling it in. The Northern Pacific Ry*j like most of our great western roada^ has had 
a large amount of temporary work, and has spent much time and money in filling trestles and 
effecting other improvements* Whether these structures might, to some extent, have been 
avoided in first construction, under the economic and financial conditions then existing^ we 
are not prepared to say. Rapidity of constr notion was then a prime consideration^ and it is 
probable that in many cases problems were solved in the quickest and easiest way, rather than 
studied oat with a vie^v to futnre conditions, with which the engineer perhaps conceived that 
he had little to do. At any nite, it is evident that the Chief Engineer of the Northern Pacific 
Ry. intends that in the location and construction of future extensions such problems must he 
worked out upon an economic basis. 

In this connection we may refer oir readers to the profiles of transcontinental roads 
which were given in our issue of June 10, 1897, with some discussion upon their general fea- 
tures and the arrangement of their grades. In that article it was stated that the great 
Northern Ry. gets through the mountains with an easier profile than that of the Canadian 
Pacific Ry, This is true as far as the mere question of grades is concerned, but from an 
operating point of view the Canadian Pacific Ry* has far the better location. The heavy 
grade sections of the former road cover a distance of 650 miles, while the heavy grades of the 
latter are bunched in one operating section of 125 miles^ and westbound trains have but one 
lift, and eastbound trains two lifts. By reason of this concentration of heavy grades^ it is 
claimed that for a corresponding distance from the Pacific coast this road can move a given 
amount of tonnage with a smaller expenditure of power than can be done on any other of the 
transcontinental lines* Our attention has also been called to the fact that while the two 
roads have total ascents of 15,305 ft, and 23,051 fl.» respectively, these figures are for distances 
of 1,780 and 2,906, miles. Comparing the mates from St. Paul to the Pacific by the Great 
Northern Ry., and the Soo Line and Canadian Pacific Ry*, the latter has nearly 3j000 ft. less 
elevation than the former. Similar results are obtained from a comparison of the main line of 
the Great Northern Ry, with that of the Canadian Pacific By. for equal distances from the 
Pacific Coast. 

In closing, we may refer to one more pointy that of short direct routes as compared 

with longer but easier routes between the same points. In several cases, nndue importance 
has been attached to directness of route, without consideration of operating conditions. In 
the article on *' Notes on Colorado Rail way s,^^ in our issue of April 6, reference was made to a 
particular case in which a short direct route is far inferior to the roundabout route. The late 
Mr. Louis de Busscheie, Engineer^in-Chief of the Belgain State Railway s, published only a 
short time before his death, a pamphlet on ** Virtual Lengths of RailwayS|" discussing the 
difference between the actual leugth in miles, and the virtual length as affected by conditions 
of grade and curvature, with their influence upon the speed* His discussion was more parti- 
cularly in regard to high-speed line^, and showed that a line of shorter actual length might 
be unable to compete economically with one of shorter virtual lengthy owing to the unfavor- 
able conditions under which the former had to be operated. 

Engineering Newa : — 20 April 1899. 
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RAILWAY GRADIENTS. 

B% R, Hauff, C.K 

The paper tinw published was written in 1 HlOj nu part of a report on the reconnais- 
saDce for the Shenandoah Valley Railroad ; reference was made to it in the publiahed portion 

of the report^ and several requests made by me La hers of the eugineering profession for copies, 
which could not be conveniently complied with. 

As the article is not precisely in proper shape for a scientific magazine, and as the 
author cannot spare the time required to rewrite it^ this explanation may possibly be accepted 
as an apology for defects* 

Geadjknts* 

Ttfo important objects sliould be sought in the arrangement of the gradient on any 
important line of roadj and these are economy in coust ruction and in operation. 

To understand the propriety of the proposed recommeudations it is necessary to 
observe, that an ordiuary run of a locomotive is about 100 miles per day, but it is preferable 
to mahe the working distances on a long line as nearly as possible 50 miles, bo that each 
engine will travel this distance and return. 

By thia arrangement the repair shops will be located at intervals of about 100 miles. 
Each engine will receive ita repairs at the same shop, so that accounts can be properly kepi 
and responsibility fixed, and at the end of each run of 50 miles time is afforded for a thorough 
examination and adjustment preparatory to the return trip. 

The load of an engine on any working division of 50 miles is determined by the 
maximum resistance offered by grade and cnrvaturej and except w4iere assistiint eitgines are 
employed no greater load can bo carried over the divition than can be carried over the point 
o! greatest resistance. Whilej therefore^ it may be expedient to mnke large expenditures to 
reduce the maximum resistances on any division^ yet when these have been established it is 
not proper to sacrifice capital by reducing points of less resistance, as not a single car could . 
thereby be added to through trains, or any appreciable economy of operation secured. 

The angle of friction is that on which a train would just move or continue in motioii 
by gravity alone. 

This angle has been practically determined by the actual load of engines on different 
gradients of the Pennsylvania Railroad, where the eastward trains are loaded to tlie capacity 
of the engine ; the angle of friction was thus found to be 24 feet to the milej aud the grosa 
load on a level lj200 tons with the standard engine there used* 

On a grade of 24 feat, therefore^ the power required to move IjSOO tons would be 
doubled, or an engine would carry but 60O tons; on a grade of 30 feet the load would be 541 
Ions ; on 84 feet, 270 tons, or one-half the load on 30 feet. 

This being understood, an attempt will be made to prove, contrary to the generally 
received opinion, thi>t undnlating gradients below the limits of maximam resistance are 
nat objectionable and that while admitting of great economy of construction iht^ do not 
materially increase the cost of operation, aa compared with uniform and low gradients between.^ 
the tame points; also that the use of higher gradients for part of a given distance will 
often result in greater economy of operation than a lower and a aniform gradient for the 
whole distance. 

It was formerly the practice of engineers to compare different lines of railway by 
conceding a given amount of rise and fall as equivalent to a mile of distance- This is not 
correct practice ; the profile of the line and the direction and amount of tonnage, or^ in other 



143 

words; thi maxionim reBistances and t]ieir distribation over the line, are the elements to 
determine (inestions of relative econom J of operation? the rise and fall affect the c]ue£tioii 
very slightly. 

If the maximam resiBtances can be concentrated at on© point and overcome at once 
with the aid of assistant eng^es while lighter gradients in favor of the direction of the 
tonnage prevail on all the rest of the route, the Hne will be operated cheaply; but if the 
maxim urn resistances are scattered over the whole line at intervals more or less remotCj the 
operation will be expensive. 

In the solution o! the problems in railway economics it is not safe to apply general 
rules or principles too freely. 

Each line preEente a problem in itself^ the solution of which should depend on 
the particular data which the case presents; millions of dollars have been sacrificed by 
conforming to general rules and theories when circumstancea required variations* 

As a case in illustration, 30 miles of a railroad in Massachusetts were located on a 
uniform gradient below the maximum resistance of the divibion, and if constructed on that 
line the cost would have exceeded a million and. a half of dollars, A million dollars were 
saved by a change of location and of gradients which did not reduce the load of an engine 
over the division a single poandj tho gradients used being still much below the limits of 
maximum resistance of tho other portions of the division, 

One or two practical illnatrations will he given, having reference to the system of 
gradients recommended, which will make this subject suiBeiently clear to the practical reader. 
Suppose the gradient which determines the load of an engine over any division is of 30 feet 
to the mile, and that it would be practicable by an expeadiLure not excessive to locate a portion 
of the division with a uniform ascending gradient of 6 feet to the mile, but that by ascending 
at the rate of 3t5 feet to the mile for five mile^ jind descending 24 feet to the mile for the 
remaining distance a large saving could be effected in construction- There are few perhaps 
who would not make a sacrifice to secure the lower gradient, and yet it can be shown that it 
has no advimtages even in economy of operation over the undulating and much higher 
gradient* 

A G-feet gradient requires one and a quarter the power required on a lovely and in 
10 miles the power may bo expressed by IJ x 10 s= I2i. On a 3o*feet graditfut the power 
required is 24 times that on a level, and for five miles would bo represented by 3i x 5 = 12j, 
but in descending the next five miles at the rate of 24 feet to the mile no power will be 
reqiiiredj as gravity will move the train ; therefor© the whole expenditure of power in possino^ 
over the ten miles will be the same in the second case as in tho first* 

Again, assume as before ttat the ruling gradient which determines the load of an 
engine is 30 fett to the mile, and that an elevation of 1,090 feet in 23 miles may be overcome 
either by using a unifonn gradient of 474 f^^^ for the whole distance, or a 30-feet gradient 
for 15 miles, and an 80-feet gradient for 8 miles. 

At the same cost of construction a majority of engineers would adopt the uniform 
and lower gradient; but it can be readily shown that the higher gradient for part of the 
distance will be much more economicaL As the engine is supposed to be fully loaded for a 
30-feet grudientj any increase above this limit involves the use of addittooal power, or, what 
is generally done, the splitting up and reconstructing of trains* If assistant power is used 
economy requires that the power should be worked to its capacity ; there would be great waste 
in sending an engine only half-loaded. Now, the gradient which doubles the power required 
on 30 feet is 84 feet, and it requires no argument to prove that it would be cheaper to use the 
double power on 8 miles rather than on 23, and therefore to extend the 30-feet gradient for 
15 miles and use 8i feet for the remaining 8 milta is far better than 474 ft^et for the whole 
difltaiice of 23 miles* 
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These figures and this illustration have been nsed becanse they apply exactly to a 
case in poiut in overcoming the summit between New Elver and James River, at the head of 
Potta' Creek ; but there is yet another and a very important consideration in favor of ths 
adaptation of the higher gradient^ wliich arise a from the fact that streams near the sunimit 
almost invariably fail much more rapidly than the average for the whule distance, and along 
a valley bounded by mountains the nuiform grade would throw the line high above the str^ana^ 
encountering spurs and deep gorgL*s and greatly increasing the cost of construction as com- 
pared with a line conforming more nearly to the fall of the stream. 

Another consideration is that the higher gradient allows advantage to be taken of 
favorable ground ; and fco avoid difficultieSj flats on the sides of mountains may often be 
reached aud spurs avoided by variation of grade within the maximum limit wheru the nniforiD 
gradient would admit of no variation. 

To those who have not given the subject particular attention, the cost of operating & 
high gradient by assistant power when concentrated at a single point will be surprisingly low. 

Taking tlie report of the Virginia & Tennessee Railroad as furnishing data neatest 
the locality of the Shenandoah Valley Extension, the cost of an engine per mile run, for fuel, 
oil J waste, repairs, engineeiv fireman^ etc*, averages 35 cents. For a distance of eight miles it 
would be §2'80, and although tlie engine woild retarn empty this allowanctj will be doubled 
for the round trip, making it §5"60j which should be in excess of actual cost. 

The gross load in SU-fcet gradients being 540 tonsj the net load would not be less than 
240 tonSj and the cost of assist tint power per ton would therefore be 23 mills. 

If one such graiient occurred in 100 mileSj the cost of assistant power would be less 
than a fourth of a mill per ton per mile^ and if only once in 200 miles the cost would be less 
than one-eighth of a mill per ton per mile. 

The cost per mile rnn of freight trains on the Virginia & Tennessee Railroad was 
last year J for transportation J machinery and road expenses, 111 cents; as the whole cost of 
assistant power on a round trip of 16 mi lei was §5'60j it is obvious that the increased expense 
of overcoming the elevation assumed for illustration bj an S4-feet gradient would not be more 
than the expense of operating 5 addlbional miles of 30-feet gradient^ of 3| miles when the 
return trains are taken into account* 

JSimplictty rather than rigid accuracy has been sought in these illastrations. 

The object has been to remoye unreason able prejudices against high gradients when 
pruperly employed, and to satisfy the board of directors that the system of high gradients 
recommendud for the Shenandoah Valley Line adm;ts of an economy of operation that cannot 
be approached in any of the great leading lines of the country crossing elevated summits or 
in mountainous regions* The nearest approach is the Pennsjdvania Eailroadj and the credit 
of this is due to J, Edgar Thomson, by whom the gradients were arranged before the writer 
became connected with the road. It is probable that upon the Shenandoah Valley Line there 
will be five totis earned oast for one in the opposite direction; it is necessary to detormine, 
therefore^ the m?ixinium gradient^ ascending westward, that will bo equivalent to 30 feet 
ascending with full trains eastward. 

The gross load of an engine on a 30-feet gradient was given at 540 tonSj the net 
load 240 ; one-fifth of this would be 48 tons, which added to the dead weight of engine and 
cars would give the average gross weight of westward trains 380 tone, which would be the 
load on a grado of 53 feet nearly. If assistant power should be used, the grade ascending 
westward equivalent to 84 feet eastward would be about 130 feet (see, for computation of 
effect of gradients in paper read before the American Philosophical Socit^ty and published in 
Van NQBtrand^s Magazine)^ 
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If, then, it should be found practicable without excessive expenditure to descend 
from the summits eastward with gradients not exceeding 53 feet, it shoald be done ; if the 
expense should be too heavy and higher gradients employed so as to require the use of assist- 
ant engines ascending westward, then gradients as high as 130 feet in that direction might 
be employed to advantage so as to limit the use of such eng^es to the smallest number of miles. 

My conclusion in regard to gradients is, that a line can be located between the point 
of intersection with the East Tennessee, Virginia & Georgia Bailroadj near Bussellville and 
Covington, ou the Chesapeake & Ohio Railroad, with no ascending gradient eastward exceed- 
ing 30 feet, and no ascending gradient westward exceeding its equivalent for single engmes 
in that direction of 58 feet, excepting at one and possibly at the two main summits dividing 
the waters east and west of New Biver, where the equivalent gradients for assistant engines 
of 84 feet ascending east, and 180 feet ascending west should be employed. These high 
gradients are recommended. — Vcm Noeirand^s Engineering Magazine. 

Reprinted in The Railroad Oazette;—h July, 1878. 
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APPENDIX C- 



THE THEORY OF COMPENSATING GRADIENTS.* 

At on© time tlie doctrioe of compenBating gradients was held as an article of failh 
by large numbers of engineers* Enorrooas use was made of it in committee rooms. It is 
trotted out eren in t^ present day not unffeqiieDtly» and made to do service in ParliameDtary 
contests by astnte lawyers. It is a very simple doctrine. Those holding it believe that the 
co$i of working the trdjie mi o Hne with many attep inclines w no greater than that of working 
adeadleveL The trains require^ it ia true, a great deal of power to pull them ap hill; 
but then tfaey run down hill of themselves without any pulling whatever. Consequently the 
cost of working is indepcDdent o£ tbe gradients, the running down hill compensating for the 
up-hill work. The original Bill for the London and South-Weeteru Railwiiy was stoutly 
opposed by the Great Western, one of the grounds of opposition being that the inclines on tJie 
South -Western road would be found too steep to admit of the line being worked with com« 
mercial Bucceis, The theory of compensating gradients was, however, urged with so much 
force h^ Dr. Lardtier and others ^ that the preamble of the South- Western Bill was taken as 
proved, and the Bill itself was passed, the ruling gradient of the South- Western being taken 
as 1 in 250, The point had been very keenly dispnted, and the Parliamentary decision on the 
measure ended the matter. Finally, Dr, Ijarduer induced tlie British Assocration to appoint 
a committee and carry out experiments, the results of which were as is wt»il known entirely 
uneiEpected. In the present day the master is better understood | but the doctrine has 
cropped up again in connection with light railways, and even iu connection with much more 
important undertakings it will probably be heard of again durfug the next Sesaiau of Parlia- 
ment. It is by no means unnecessary, therefore, to say a few words here on the subject, and 
to clear away misconceptions into which it is very easy to falL 

In laying out a line of railway the engineer has to deal veiy largi*ly in compromise. 
It is certain that we cannot have all tliat we would like to have, and from first to Inst we 
must balance considerations and conditions against each other. Theoretically, the //t>/ fute iV 
one dead level and perfectl*/ straight^ raided jui^t high enough aJove fhe tturrounding coftntrtf 
to )trovide for good drainage. The purpose for which the railway is constructed must be 
always borne in mitidj which means that the civil engineor must never forget that locomotives 
will haul tmins on it* Sir Benjamin B;iker snid last Vfeek— and said truly^ — ^that whatevi*r the 
world wanted it got. No matter how steep the inclines or how shiirp the carves, it is possible 
to make locomotives to haul trains np and round them^ bnfc only at a price. Merhiuiirally, 
inclines mtxy in a sense be made compensatory; pecuniarily, nevt^r. The sleeper the inclines 
the gi-eater will be the cost of motive power. The whole ihmnj tf compen?<aiion is jQunJed 
on ^ror. It i? enough to state a very simple case to firove this. On a certain line^ 20 miles 
long, there is about midway a chain of hills to be got over, or got through, or got round* To 
get over these we have, say, two inclines, each five miles long, rising to meet each other at 
the top like the rafters of a roof. The gradient is 1 in 75. The remainder of the line is fairly 
level. Now, the leading condition here is the power of a locomotive, which cnn haul a coal 
train, say, of 4jO tons gro^s, to the top of the incline. It matters nothing that when the train 
has been got to the top* it will run down hill for five miles of itself. Jt will be necef^^ary to 
apply brakea all the way down, and the weiir and tear will be great, while the iaving in coal 
Till be very email. The locomotive nmsl be of necesiity very large and powerful. How large 
and how powerful our readers can judge for themselves, if they will turn to pflge 462 in our 
issue for November 8th. The cost of such engines is very great ; the permanent way roust b# 
of the heaviest type; the ballast, the sleepers^ — every detail^ iu fact^ must be very good in 
f*rd^r to stand tbe great hauling effort p*it forth by the locomotive. The engine will be very 
much too powerful far 15 miles of line out of 20* A favourite way out of this difficulty m to 
employ a banking engine to help a train engine np the hill. But this represents prohaUtj 
much more expenditure tlian the use of a heavy train engine. It mean34he wages of a second 
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drivffp and fireman, a largely increase i Tul^ expeadittirej morQ shop work, ^'C, <S'C. The nss 
of banking etigioes is always to be disco uraj^ed, and besidea, the moment it is conceded that 
a banking engine is wauted,. the whole theory of compensating gradients melts away> We 
have otily to frame a mental comparison between the working of the steep ^gradient line with 
one OD a dead level, or nearly eo — ^becaosa a tunnel ha^i be&n drtvBtt through the hilh — to 
perceive how overwhelming i» the ddmnltige pmsesmd htj the level line. If this be true, 
however, of a line which is not crowded with traffic, it becomes much more evidt^nt when a 
line has as much and more than it can accommodate, Ths capftciiy of a Un^ for work in pro- 
fonndty influe7tced hy the gradients. It would be found, for example, vr ry difficult to work 
trains of more than -iM tons on incUues of 1 in 75* Such trnins nearly represent the limit of 
locomotive power on the normal gauge. Banking heavier trains than this would be possible, 
but extremely objectionable. In fact, the working of heavy trains on very steep hills is an 
operation by no means free, from risk, very costly, and a conakmt sour§e oj anxietif to all 
concerned^ But there need be no difficulty in hauling 900 or even 1000 tons on a level or 
nearly level toad with very moderate engine power. 

Bat, it may be urged that a pair of inclines of 1 in 75 is seldom met with — at least 
in Great Britain, This may be true; but inclines of I in 100 or.l in 120 are not. Indeed, 
we happen to know of project;* which will probably soon be bron^it before Parliament in 
which such inclinesare contemplated : and the advocates of the liglit-railwaj-along-the high- 
way systrm think nothing of hills of I in 30^ or even less. If our readers have fallowed us 
thus far, they will have no difficnlty in seeing that while the I in 75 inclines represent an 
extreme case on tKe one hand, the road on a dead level represenis an equally extreme case 
on the other hand. Between tlie two comes tlie road with inclines less steep than 1 in 75^ 
The civil engineer has, indeed, a iomewhat complex probltfm to solve. The more nearly the 
proSile of fchd railway conforms to the general lie oC the country traversed by it, the less will 
be the capital outlay on its consfcTuction. Generally spaaidngp a level line k one with heavy 
cuttings and lofty embankments. The civil engineer must consider then what return he can 
get for his outlay in levelling the line by augmeuting his earthwork, anl ttci accordingly. 
Let lis suppose, for example*, that the cost of a given line will be £0,000 per mile with a ruling 
gradient of 1 in !2C0, and £13,L00 per milts with a ruling gradient of 1 iu 3^0, Is it worth 
while to flatten the line? Will the difference between the iruili ig er^tcujts iu favour of the 
{tatter line pay reasonable interest on the extra outlay f It will not do to say that 5 per cent, 
can be eatned on tlio £9,000, and to rest content. If 5 per cquL can also h^ earned on the 
£13/00, then there ou^^ht to be no heattatiiin in a^iopting the flatter road. The artjumenis in 
ii« favour a^e omrwhelming* The ste<*per road never, under any circumstances, can possess 
a workiagjcapacity e^ual to that of the more le-rel roa I, beo uie, no ma tor bo v powerful the 
locumotives may be that are placed on the hilly liuCj the same engines coukl pull much heavier 
trains ou a level track. The c;ipacity que^ion is very frequently overlooked. It seems to be 
tacitly taken for grtinted thiit two lines of rail are always en jugh, but recent railway history 
proves that this jissumptton is wrong, Uoadi are hefng doubled daily, at very heavy cost, 
simply because ihy carrying capacity^ which is niensuod by the nntnbiT of trains that can be 
run ou phera, ha:s been raised. When the lines ar« 'ai'ly levtl, the difficulty can be got ovt-r, 
as far as minerals and heavy goods are concerned, by running much longer trains. It t# ftfr 
the Mtmiih reason that the capacity of a level road is much greater than that of a hilly road 
can be, that it t* worth while to incur a large outlay in flnttening a line. Every ease, how- 
ever, must be considtTed on its merita; no Imrtl-and-fas^t rule can be kid down. 

Where lin^s are hilly they are usunlly crookcil as well. Here, again, we have matter 
fur careful consiileration. To straighten out a curve inny be a very exp /nsive operation. Can 
it be made to pay ? Again, we must bear in mind what are the working conditions. It will be 
seen that in New South Wales Mr. Eddy atid Lis fellow commissiontTs have thought it well 
worth while to expend large sums in altering curves and cutting down hills. It may be said 
with truth that the New South Wales roads are peculiar and exceptioually severe. But it 
(iae« not follow at all that they iearh V9 nothtvg in this country. No one o^a^^e think, read 
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the admirable report^ the publicatioQ of ^hich we concluded iq oqf last issue, without seeing 
that much of it applies to all railway systems. It teacbes us tlmt the cost of working steep 
inclines must he very heavij. Mr. Eddy has nothing to say about compensatiug inclines. In 
setting out a road in this or any country, the engineer wlU hare to consider what is to be 
urged in favour of a sharp curve as well as what can be said against it. But he mutt meter 
forget that curves repreBent great loss of hauling power, great increase of resistauce, wear 
and tear^ and risk. They may^ however^ also represent a very considerable reduction in first 
cost. 

Up to this point we have had principally in view heavy coal or mineral traffic. The 
theory of compensation certainly breaks down with it, if not wholly^ then so far that the tnofit 
that can be said is that lesB coal is burned running down hill than would he hurned on a level ^ 
Wheiiy howevetj we come to deal with fast trains the compensating theory fails eompleteltf — 
disappears in thin air. Up even moderately heavy inclines high speeds are impossible of 
attainment J and an attempt bo run down grades as compensation soon reaches a limit beyond 
wiiich it is impossible to go. Let us suppoiethat a line is laid on the compensating principle, 
and that the termini are on the same leveh If the inclines are so steep that a velocity of not 
more than forty miles an hour can be attained up them, then the down grades must be trs ver- 
sed at eighty miles an hour if an average speed of sixty miles an hour is to be reached* When 
we come to examine the theory of compensation we find that it breaks down with heavy slow 
traffic, because nothing that the descending grade can do will help to reduce the work of 
getting np hill — the only exception is when the adverse ioclinea are so very short that they 
can be " rushed j'' like some on the North London Bailway^ for example — and that as a con^ 
sequence as much locomotive power must needs be provided as though there were no inclines 
to descend. With fast traffic, on the other hand, the compensating action of the down grade 
cannot be fully utilised^ because its utilisation would mean speeds which are excessive. It 
follows from all the considerations that we have here set before our readers, that the civil 
engineer should make the road as level as he can under the governing conditionS| ike proh* 
ability being that the extra cost entailed will give a better return than money invested in any 
other way in connection with the railway. If steep inclines are, however, unavoidable, theo 
tiiey should as much as possible be concentrated^ in order that banking engines may be nsed 
to the best advantage either for fast passenger or heavy goods trains. 



The Engineer t^ii Nommher, 1805* 
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THE INFLUENCE OF GRADIENTS ON SPEEDS AND LOADS. 

On all our colouial riilways the time comes sooner or later when the question comes 
to be considered whether the heavy gradients which made construction easy and inexpensive 
does not involve a heavier charge on working expenses than is permissible in the interests of 
economy. In New South .Wales this was recognised, the gradients were flattened at consider- 
able expense, but the result was much heavier loads, and therefore a greater net revenue per 
train-milenge. In South Africa this question has also been engaging attention in recent years ; 
the necessity for reducing the high maximum gradient of 1 in 40 has been clearly established 
in view of the heavy inward load to bo hauled up these gradients, and are-survey of the whole 
of the Midland and Eastern systems from this point of view was undertaken and completed in 
189 i. About 80 per cent, of the latter system was on the maximum grade. A sum of £25,011 
was spent in reducing the maximum gradient to I in 80 near Zwatkops and Caemey on the 
Midland ; but in dealing with these improvements the reasonable principle has been laid down^ 
that unless the cost of banking en^^ines and other locomotive traffic and maintenance 
expenditure, e^ials or exceeds th3 intarest on the extra capital to be sunk in the change of 
gradient and carves, it should not, as a role, be undertaken; and that relief should be 
sought rather in increasing the weight of the locomotives up to the maximum which the 3 
ft. 6 in. will admit, than in costly alterations in tha location of the line. If this principle is 
adhered to, no doubt much disappointment will be avoided. The saving actually to be effected 
by costly changes in the alignment of lines which were laid out with extreme care to suit 
the natural features of the country traversed, is comparatively small. 

The running of special test trains between Port Elizabeth on the Midland, East 
London on the Eastern, and Springfontein on the Orange Free State Northern was determined 
upon with the object of ascertaining the actual and relative cost of haulage between those 
points as well as the cost of return empties. Two test trains were run from each port each 
way along the nearest route by the respective systems^ to the common terminal point on 
the Northern system, and an exhaustive statement of the results was published. This 
statement^ and the returns accompanying it, are most instructive, giving as they do 
the actual and contingent cost of running goods trains of known weight on lines with 
varying ruling gradients^ the time employed in running them under working conditions, and 
the absolute fuel consumption. The engines were oE an unusually heavy type^ with eight wheels. 

TABLE I. 

Gradients, Distances, Speeds. 





Midland. 


Eastern. 


Percentage in 
favour of 


Items. 


Port 

Eliza. 

beth to 

Cradock. 


Cradock 
to 

Spring- 
fonte in. 


Port 
Eliza, 
beth to 
Spring, 
fontein. 


East 
London 

to 
Cypher. 

gat. 


Cypher- 
gat to 

Burgers- 
dorp. 


Burgers- 
dorp to 
Spring, 
fontein. 


East 
London 

to 
Spring- 
fontein. 


Midland. 


Eastern. 


Baling gradient. ] 


Iin40 
2*5 p.c. 


Iiu80 
1-25 p.c. 


... 


Iin40( 
2-5 p.c. ^ 


Iin80 

with load 

2-5 p.c. 


Iin80 
1-25 p.c. 


... i 


on 1 in 40 
25-44 

on! in 80 
61-03 






ra. ch. 


m. ch. 


m. ch. 


m. ch. 


m. ch. 


m. ch. 


m. ch. 






Distance (open mileage) 


181 38 


180 40 


361 78 


204 3S 


38 75 


70 26 


313 59 




I3'3« 


Train mileage of total load 


3371 


180^ 


507i 


430^ 


7U 


70i 


572i 


11-25 




Excess of train mileage over open 




















mileage per cent, due to diflPer- 




















enoe in ruling gradient 


80-32 





40 24 


110-78 


82-92 





82-54 


106-11 




Up Loaded, 




















Rnnning time exclusive stoppages 


h. m. 


h. m. 


h. m. 


h. m. 


h. m. 


h. m. 


h. m. 






for through trains up 


13 Oi 


14 32i 


27 53 


16 37i 


2 SH 


6 17 


25 50 




•7-89 




m. 


m. 


ro. 


jn. 


m. 


m. 


m. 






Running time, average speed ... 


13-41* 


13041 


13-33 


12-30 


13-63 


1110* 


12-35 


712 




Doufn Empty. 


h. m. 


h. m. 


h. m. 


h. m. 


h. m. 


h. m. 


h. m. 






Running time down 


14 37 


11 19 


25 57 


14 26i 


2 55i 


35 


22 36 


•«. 


14-82 




m. 


m. 


m. 


m. 


m. 


m. 


m. 






Running time, average speed ... 


12-42 


15-95 


13-91 


14-43 


13-36 


13-78 


14-82 


... 


3-00 



RiMAKES. — The maximum speed on the np journey was 15'12 miles on the Midland and 13-75 miles on the Eaatem, 
and on the down journey 18*48 miles and 16*26 miles respectively. 
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TABLE IIL 

Trains, Weiglits, leads. 



ITS3I8. 



Class of engtnfr 



(Up Loaded!) . 

Gtobb weight of train in poon^ C 
(exclnsfre of engine and < 
tender}. (. 

Net weight of paying load. j 

Ket load per cent, of gross: load 
Non-pajing load per cent, of pay- 
ing load 

Additional weight hauled on 1 in 
80 per cent, of that os 1 in^ 40 

(Down Empty) ^ 

Gross weight of train in pounds 
(exdnsiye engine and tender) 

Up. 



Composition of train, 9 ft. and 
10 ft. wheel-base. 



Daum, 

Composition of train, 9 ft. and ( 
10 ft. whell-base. i 



Midland. 



Port 
Elisa- 
beth to 
Cradock. 



Cra- 
dock to 
Spring- 
fontein. 



Port 
Eliza- 
both to 
Spring- 
fontein. 



ElSTIBN. 



Percentage in 
f aronr of 



East 
London 

to 
Cypher- 
gat. 



Cypher- 
gat to 

Burgers- 
dorp. 



Bur- 
gers- 
dorp to 
Spring- 
fontein. 



East 
London 

to 
Spring' 
fontein. 



Bight wheels coupled, with 
tonder in bogie 



496,482 > 
396,840 J 

297,115 1 
247>666 ) 

59*84 

6710 



249,957 



893,322 

544,671 

60-98 
6408 
79-63 

366,765 



:6 



trucks IStrncks 



1 van 



12 trucks 
1 van 



1 van 



16tmoks 
I ran 



544, 



,822 [ 
•,671 { 



60r9a 
64*08 



308,000 



16 trucks 
1 van 



16 trucks 
I van 



Eight wheels coupled, with tonder 
and bogie 



438,620 
485^37>' 

264,22& 
806,360 

60:24 

66*0^ 



210,265 



,g trucks 
1 van 



9truakB 
Ivan 



506,720) 
416,276 3 

307,900*] 
261,675 ; 

60-76 

ei'o4 



247,200 



j g trucks 
1 van 



12 trucks 
Ivan 



923,995 

669,676 

60-54 
66-78 
86-06 



928,996 

669,676 

60-64 



OnIin40Onlin8O 
0-66 0-54 



396,216 256,462 



IStmcks 
Ivan 



15truck8 
Ivan 



iPtrocks Utrucks 
Ivan I Ivan 



Midland. 



Eastern. 



8-81 



4'2& 



1-96 



i-sa 

6^12 
20-5€^ 



The trial trains weve made up chiefly of the following types cf stock : Long bogie iats, weighing 9 to U tons, an\9 
carrying 16 to 18 tons; sheep trucks, weighing 4i to 6| tons, and catrying 7| to 8i tons; shorts flats, weighing 8| tons^ 
and carrying 6 iflLB. The loads were made up of: 1. Hails; 2^ Timber; and 3. General mexchandise.: The mns 
weighed 5| tons on an average.. 

TABLE IV. 
Expenditiire and Receipts. 



llCMS. 



Midland.. 



Eastebk. 



Percentage in 
favour of 



Up (Composite), 

Actual cost of haulage (including 
water, oil, tallow, waste fuel, 

wng^, Aoi) 

Actual cost of 1 toiv (2,000 lb.) of 

goods between given points 
Actual cost per train -mile 

I, I) ton per open mile 

„ train-mih 
Total cost of haulage, including 
actual and all other locomotive 
charges (except offiee, general 
BuperinJbendence, and mainten- 
ance of carriages) and guards* 

wages 

Total cost of 1 ton •i goods be- 
tween given points 

Total cost pev train-mile^ 

„ ,t ton per open mile.. 
*#. train-mile. 



Port 
Eliza- 
beth to 
Cradock. 


Cradock 

to 
Spring- 
fontoin. 


£ s. d. 


£ s. d. 


14 16 6 

d. 

1307 

10-87 

0-0720 

00399 


10 6 4 
d. 

frlO 
13-72 
0-0503 
0603 


£ B.d. 

28 04 

d. 

2471 

20-65 

0-1311 

0-0764 


£ B. d. 

17 17 » 

d. 

15-77 

23-77 

0-0873 

a087d 



Port 
Eliza- 
beth to 
Spring- 
fontoiiL 



East 
London 

to 
Cypher- 
gat. 



Cypher- 
gat to 

Burgers- 
dorp. 



Burgers 
dorp to 
Spiing- 
fontoin. 



East 
London 

to 
Spring- 
fontoin*. 



Midland. 



£ B. d. 


£ 8; d. 


£ s. d. 


£ 8. d. 


£ s. d. 


25 2 9 


22 2 21 


2 10 7 


4 4 6i 


28 17 4 


d. 


d. 


d. 


d. 


d. 


22-17 


18-63 


2-13 


8-56 


24-32 


11-88 


12-82 


8-69 


1444 


12'11 


0-0612 


0-0911 


0-0647 


a-0506 


0-0776 


0-0436 


0-0432 


00248 


0-0506 


0'0426 


£ B. d. 


£ B.d. 


£ s. d. 


£ B. d. 


£ 8. d. 


46 18 1 


44 7 H 


6 14 lOi 


7 18 6i 


68 16 0» 


d. 


d. 


d. 


d. 


d. 


40*48 


87-40 


6-68 


6-47 


44-66 


21-20r 


24-74 


22-64 


26-21 


24-84 


0-1118 


0-1829 


0-1460 


a0920 


0-1679 


0-0798 


0-0868 


0-0796 


0-0920 


0-0866 



per cent. 



12-92 

8-84 

1-90 

26-63 



21*98 

18-80 

12-90 

41-28 

8*89 



per cent* 



Eastern- 



2-68 
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TABLE IV— co»»^»«Me<t 





Midland. 


Eastibn. 


Percentage in 
favour of 


iTJUCS* 


Vort 
Elisa- 
beth to 
Cradook. 


Cradook 

to 
Spring- 
fontein. 


Port 
' Elisa- 
beth to 
Spring- 
fontein. 


East 
Looton 

to 
Cypher- 
gat 


Cypher- 
gat to 
Spring- 
fontein. 


Burgers- 
dorp to 
Spring- 
fontein. 


East 
London 

to 
Spring- 
fontein. 


Midland. 


Eastern. 


Down (Single). 






















£ s.d. 


£ s.d. 


£ s. d. 


£ s. d. 


£ s. d. 


£ s.d. 


£ s.d. 






Actual coet of haulage 


6 67 


6 4 10 


10 10 6 


6 18 101 


1 10 4i 


2 13 


9 6 6 


••• 


12-89 


,, „ per train-mile and 


d. 


d. 


d. 


d. 


d. 


d. 


d. 






open mile 


6*96 


607 


6-975 


6-68 


9-84 


704 


7-10 


8-22 






£ B.d. 


£ s.d. 


£ s. d. 


£ s.d. 


£ s.d. 


£ s. d. 


£ s.d. 






Total cost (as above) 


12 4 


11 18 8 


23 19 


16 4 10 


3 69 


6 14 0^24 5 7i 


1-38 




„ per train-mfle and open 


d. 


d. 


d. 


d. 


d. 


d. 


d. 






mile 


16-88 


16-87 


15-875 


17-8 


20-66 


ia-97 


18-66 


16-53 




Freight rate per ton of 2,000 lb.... 


2 


2 


. 2 


2 


2 


2 


2 






$r 9i >i 2,240 1, ... 


2i 


2k 


; n 


21 


2i 


2i 


2\ 








£ 


£ 


£ 


£ 


£ 


£ 


£ 






Beoexpts from net load 


412-0 


409-6 


821-6 


486-6 


92*6 


1670 


746.-0 


10-27 






£ S.4. 


£ 8.d. 


£ B.d. 


£ s.d. 


£ 8. d. 


£ s.d. 


£ s.d. 






„ per open mile 


2 6 4i 


2 64i 


2 641 


2 7 6 


2 76 


2 7 6 


2 7 6 


... 


4-69 


,. „ train-mile 


1 6 3i 


2 6 4i 


1 12 6 


1 27 


1 6 10| 


2 7 6 


1 6 0| 


2-70 




Actual expenses per ^nt. of re- 






t 














ceipts ••• ••• ... 


8-60 


2-62 


306 


4-66 


2-73 


2-53 


3-87 


2611 




Total expenses per cent, of re- 




















ceipts 


6-80 


4-37 


6-69 


9-14 


7-29 


4-59 


7-89 


4.14 





KoTB.-^Tbe prices upon which the charges were estimated and calculated out were the following : 600 lb. extra 

fuel was in each case allowed for raising steam. . 



TABLE V. 



Iim or Ckabob. 



Midland. 



Bates. 



Cost per 
Train-Mile. 



Eastkan. 



Bate. 



Cost per 
Train.-MilB. 



Average. 



Coal (uniform rate) per ton ... 

Btore charges 

Wages per hour of running 
time: 

Driver 
Fireman 
„ incidental, shed time,"^ 
wasbing-out days, 1 
relief men, lodging | 
money, &o. J 

Bhedmen, coalmen, and la-^^ 
bourers, per ton of coal ^ 
consumed. ) 

Gleaners, at per trip. . . 
Sick fund, average current ... 
Guard's wages per hour run- i 
ning time. } 

Oil, tallow, waste,. &c.» current ) 
average. ) 

Water, current average 
Engine repairs, current average 
,. replacement on life of ) 
600,000 mi^js. J 

Bepair and maintenance of ) 
wagons and goods vans . J 
Banking engjine 

Average charges ... 



1 ^ QA^ i Loaded 7-60d. 

iw»fa. ^ I Kmpty 3.15d. 
A«*.. -,o«f 5 Loaded 0-OOd. 
♦P®'«®"*-1 'Empty 3126d. 



Is. 2d. 

0*8d. 
40 per cent, 
of driver' 
& fireman' 
wages. 

12s. 

6s. 

0-26d. 

9d. 

0-53d. 

0-7M. 
2-65d. 

Id. 

8d. 
2s. 






IJOd. 
076d. 



825d. 



Loaded, l'263d. ) 
Empty, 0-5ld. j 

0-40d. 
0'26d. 

0-825d. 

0-63d. 

8r70d. 
2-56d. 

1-OOd. 

3-OOd. 
Loaded, 0^26d. 
Empty, — 
Loaded, 21'90d. 
Empty, 16-92d. 



i 13s. 9id. i 



I 



{ 



Is. 2d. 

0-8d. 
40 per cent 
I of driver's 

fireman's 
L wages. 



Loaded 7-04d. 
Empty 3-304d. 
Loaded 0-29d. 
Empty 0-133dl 

l-345d. 
0-77d. 

0-S45d. 



I 



2s. 

6s. 
0'38a. 

9d. 

0-91d. 

0-68d. 
4-464. 

Id. 



3id. 

} ^ 1 



} 



Loaded, 116d. 
Empty, 0'63d, 

070d. 
0'38d. 

0-615d. 

0*91d. 

0-58d. 
4*46d. 

1-OOd. 



3-50d. 
Loaded, 0'62d. 
Empty, — 
Loaded, 24-lOd. 
Empty, 19'50d. 



Loaded 7-32d. 
Emty 3-226d. 
Loaded 0-296d. 
Empty 0-129d. 

l-32d. 
0-76d. 

0-835d. 

j Loaded, llJId* 
1 Empty, 0-52d. 

0-65d. 
0-32d. 

0-72d. 

72d. 

0-a4d. 
3-50d. 

l-05d. 

3-06d. 
Loaded, 0-67d. 
Empty, — 
Loaded, 23-OOd. 
Empty, 17-50d. 



BxMABKS.— The total locomotive department charges pec train mile barely exceeded 6^ per cent, of the 
receipts, and as these are direct charges always due whenever a train is run, this shows how exceedingly heavy 
indirect and incidental charges are on railways, as well as the losses incurred by running trains with light insCMd 
of full loads, in comparison to the direct and reaUy unavoidable charges, these being on these two systems from 
one-tenth of all the charges, and amounting in 1894 to from 49*7 per cent to 64*7 per cent, of the total receipts. 
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TABLE Vl. 

Fuel Consamption per Ton of L^ad Haiulel (Weight of Engine alone Excepted) 

per Mile and per Train-Mile. 



SiCTlOS. 



FtJLb Loads. 



Qoloniftl Goat » 



Per Ton of Load 
Up. 



per 

lb, 

200Cri 



lb. 

m 

231 

.mi, 



ViUttg^ Drift Cv^L 

Port Elkubcth to Cmdock», 
GraJock to Springfiintciu ., 

ATCJTUgO *.. *■ 

i 

dph^rghat ami Fair Vieit^A 

EnRtLoTiaon toCyphcrgbRr.. 44| 
C^perBbat to BurKt-rsdorp .„' l^\ 
BHrgerfrdorploSpriiib^ontdn MO* 

Average . - ^31 



per I 
IbJi 



per per per 

lb. \ lb. I lb. 
200 J ^+0 



lb. 



lb. 



lb. 

.402. '24J -271 
■26 iSi'l*!^ 

■3»i '2f4 '23 



SO 26^; -26* 
'20| lOil'lU 
'22^*1 It -121 

■3D1 20^^-221 



Per T mi ti- 
ll lie Up. 



Colonial 
Coal = 

Weiah 
Stoam. 



lb. 



9250,61-71 



106*3: 



09-45 



70-91 



,66-30 



Emptt, 



CONTIITIOXS. 



Per Ton of Load 
Down. 



Per Train 
Mile Down 



Coloni;d Coat 
= VVeUb Steam. 



por ' per 
Jb I lb. 



per 
lb. 



per 

lb. 



jOOOj 2240 j^OOO^ 2210 



Celonial 

Cost ~ 

Wei* I 

Steam, 



lb. 

211 
303 



36i 



lb. 

241 
■311 

2H 



a44 

20| 



m 



lb, 

10* 

^23 



lb. 
3977 



lb. 
2651 



Average 

per 
Sertion. 






^£-S 



Welsh St*ain 
ICqaiyalent, 



38 63, 2S76 



*l9i 



W€l«b coal = Colonial coal >c 1-5. 



100 eij 57-00 
4706 26-67 
92-791 63*57 



92-331 52-2C 



30 

^51J 
■2-i 



*36; 



43f r22i 
'57 1 29i 
'^4i -121 

-41l;20i 



39 21 26 14 



*24f 
-32^ 
'141 4-J-S7 24-85 



lb. 

'22 
■201 

21 *s 



'26i 



23i 



Welsb ooal Colonial wjal x 1-S75. 



87'04 20-00 

63 51 35 88 ^ 

' '131 



41'S2 22-70 



23 



lb. 

4411 
4tJ-33 

4622 



38' 
31 
3LifI 



M 

H 

m 






•'50 S:^" 5 

2j C h & 



37-72 



a 



Eemarks. — The average are all higher on the Midland than on the Eastern trials, owing probably to less care 
in the firing in the former than in the latter, and partly to the Tilney grate in nse on the latter systsm being superior 
for colonial coal to the finger grate used on the Midland, but this item of coal consumption was insufficient by itself to 
turn the scale in favour of the Eastern system, as the coal was more costly and loss efficient in tho latter than on 
the rival system. (Vide Tables III. and IV. ante.) 



TABLE VII, 

Fuel Consnmption in Relation to Qradients in Welsh Steam Coal Equivalents. 
For rji^lit- wheeled conpled goods engine on 3 ft. 6 in. gaug3. Speed 12 to 16 miles per hour. 



Description. 


Consumption per 
Train-Mile. 


Consumption per Ton 
Hauled per Mile. 


Rkmabks. 




Minimum. 


Maximum. 


^ Minimum. 


Maximum. 




1 in 40 against haul 

1 in 40 with haul 

1 in 80 against haul 

1 in 80 with haul 

Level ... '• 


lb. 
90 
10 

67 

12-66 

24 


lb. 
120 
13i 

77' 

1711 

32 


lb. 
0-45 
005 

0-281 
O-OiJi 
012 


lb. 
0-60 
0066 

0-38^ 
008^ 
016 


I Uniform ) =200 tons = maxi- 
( Full load ) mum load on 1 in 40. 
Do. represents amount requir- 
ed to keep up steam, train 
propelled by its own weight. 
Do. do. 
Do. partially. 
Full load ^ 200 tons. 



Kkmarkr.— The consumption per train-mile to keep up steam is about one-ninth of the maximum consumption 
on 1 in 10, and haulage t n the level takes about 2^ t?mcs the minimum consumption to keep up steam and 5| times the 
the minimum working up 1 in »0 and IJ- times down 1 in 80. The consumption on chopping gradients and for 
variations of load are within the limits above given ever changing even at constant speeds. 

Table I. deals with the gradients, distances, and speeds. The most noticeable feature 
seems "* • T»« inn excessive train-mileage run on the Eastern system in comparison to the open 
inilea<>H— mis excess being 86J per cent, on the Eastern as agaiust ouly 40^ per cent, on the 
Midlanu, roauUing m an aavauiage tor the latter of 04^ miles in actual running, of 11'25 per 
cent, in Train-mi'ieage, and of 105*1 1 per cent, on the relative percentages; in despite of the 
Eastern route being actually 48 miles 89 chains or 13'32 per cent, shorter in open mileage than 
the Midland ; this advantage in train-mileage for the Midland is due to the comparative 
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lengths in tbe two Bystems where the ruling gradients are 1 in 40 and 1 in 80 respectively ; 
these lengths being as 7i on the Midland to 9 J on the Eastern, giving the former 35'4t per 
cent, less 1 in 40 and 61*03 per cent, more 1 in 80 than the latter. 

This shows anequivocally that the comparison between two rentes to be of practical 
velne must be based upon the two fSBU^ton of length pni gradient, ani not on length 
slone ; and that it is mistaken economy to locate a line so as to make the length a minimum 
with the object of reducing first cost if the percentage of maximnm gradient is largely increased 
thereby, more especially where the line is likely to be a competing line, as was the case with the 
Eastern system in a major degree and the Midland system in a minor degree. It is as well to 
remember that at a constant speed the change introduced by gradients is equivalent to an 
increase of length of line inversely as the rates of inclination of the respective gradients, as 
the following Table shows : 

1:able il 

Oralient Equivalents. 





Bate 


Equivalent 






Bate 




Gradient. 


of Inclina- 
tion. 


Length on 
the 1 in 40 
Standard. 


Gradient. 


of Inclina- 
tion. 


Equiralent 
Length. 




percent. 


miles. 






per cent. 




Iin40 


26 


1 


15n 


90 


1111 


2-25 


1 ,. 45 


2-22 


112 


1 » 


95 


1052 


2-81 


1 „ 60 


2-00 


1-25 


1 „ 


100 


1000 


2*60 


1 „ 55 


182 
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Thus if the two systems be compared as equalised on the basis of the ruling gradient 
of 1 in 80^ the eastern routo^ instead of being shorter by 48 miles '69 chains^ or 13*22 per cent.^ 
actually turns out to be longer by 13 miles 20 chains^ or 3*60 per cent. The comparative 
trials were made under service time-table conditions, and not as specials, and the Midland 
maintained on the up journey a remarkably uniform rate of running, equHl to 13^ miles 
average ; but on the return journey the running was quiclcer on the 1 in 80 (16 miles), and 
elower on the 1 in 40, though the average was still under 14 miles. On the up journey tha 
running on the Eastern was slower — one mile per hour less on an average, least of 1 in 80 — » 
and less uniform, while on the down journey the reverse was the case. 

The percentage ratios of net load to gross load and non-paying load to paying load 
are intrinsically unfavourable, i.e., much more deadweight has been hauled and is generally 
hauled even with full loads than should be the case. And a design of truck even more 
economical in respect to deadweight than the standard AmoHcan long bogie for the standard 
gauge, is not an impossibility which should reduce these percentages to 44 and 50 respectively, 
and improvement in this respect is even more urgently called for on the 3 ft. 6 in. gauge, than 
on tlio 4 ft. 8 J in. 

In neither system did the loads hauled on the 1 in 80 gradient exceed those on the 
1 in 40 by the possible 100 per cent., but the 85 per cent, realised on the Eastern was a fair 
approximation under ordinary working conditions. 

Engineering :— Id Aug. 18^7.] 
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APPENDIX E. 



INVESTIGATION AS TO VIRTUAL GRADES; CANADIAN 

PACIFIC RAILWAY. 

By a. C. DiKKis.^ 

The stiliject of Tirtn^L grades ia ot considerable importance to the railiv^ajr engineer, 
atid ojie whieh deserves mora attention than it has generally rscoived. The ncooinpanjing 
diagrams were used in determintug the value of momentum in connecbion wiih the proposed 
redaction of grades on the Ontario & Quebec Division of the Canadian Pacific Rj, The 
present line between Montreal and Torouto has maidmum grades of 1% in both directions, 
which, being uncompenBated for curvature, are equivalent to about 1'12%, The gross west- 
bound tonnage, incltiding locomotives, is about 62% of the eaatbound; and it is proposed to 
balance the grades to conform to the tonnage by rediicifig the eastbound to 0'6% compen- 
sated, without any reduction in the westbound grades. With snch grades, the locomotive 
rating behind the tender will be 1,600 tons east, as showo on the diagram, and 900 tons west. 
The latter will usually be Bomewhat reduced, because the westbound trains are composed 
largely of empty cars, which oflfer greater reBistaEce per ton thaa loaded eart* 

The assistance in surmounling heavy grades which may be derived from the momen- 
tum of a train at high speeds is almost universally understood, yet engineers usually hesitate 
to adopt a virtual profile, notwithstanding that one may be practicable which would utiliase 
the energy that has been stored in the train. Mr. A, M. Wellington, in discussing the subject, 
assumed that the tractive power of the locomotive and the train resistance remain practically 
constaut at different velocitit?s. This, as la well known, is far from correct; and the error 
which is introduced by this assumptioij increases a^ the grade increases over that for which 
the train is rated. 

The diagram in Fig. 1 is designed to represent the performance of an engine loaded 
for an ascending grade of 6%, at 7 milea per hour, on grades from Oto ± M%, with 
velocities ranging from to 4U miles an hour. The three curves ar as follows: (1) The trac- 
tive power (in pounds per gross ton at different speeds) of the 145% freight locomotive in use 
on the Montreal and Toronto section of the Canadian > Ry. ; (2) the train resistanoe 
curv-e taken from Wellington's experiments with loaded cars ; (3; the curire representing the 
algebraic difference of the first two curves or the force available for accelerating or retarding 
the velocity of the train* The latter, when reduced to its equivalent gravity resistance in rate 
per cent, and added (algebraically) to the actual garde, is the rate per cent, of acceleration 
or retardation. This rate per cent*j divided into the difference of velocity heads gives the 
distance in which that change of velocity is accomplished* With these distances the diagram 
shown in Fig. 2 is plotted. 

The accompanying Table shows how the computation was made from the curves in 
diagram 1* The table as printed covers only the speeds f rom 1 to 10 miles per hour, and 
grades from — 05% to -I- 0*5%, and is inserted only to show the method of work. The manner 
of extending the table to include the same range of speedi and grades as the diagram will be 
obvious* 

As an example of the use of the diagram^ in Fig, 2^ suppose we have a descendiDg 
grade of 0"2%, one mile long, beyond which is an ascending grade of 1'0%, and we desire to 
know how far up this 1*0%^ grade an engine can haul a train loaded for an ascending grade of 
0"d% grade and arriving at the top of the 2% grade with a velocity of 10 miles per hour. 
Following the vertical line in the diagram, representing 10 mileii per hour, it intersects the 
_0*2% grade at the horizontal Une repreienting 200 ft. The point where the 5^280 + 200 ft. 
line intersectfl this same grade corresponda to 25'3 miles per hour, which is the velocity the 
*DiTiiioii»l Engineer of Cooitruclio&t Cibti&dt&ii Tncifio E7., Toronto, Out 
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FfG. DIAGRAM OF ENQINE PERFORMANCE ON GRADES i CANADIAN 
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k 



5,900 



M 






01^ 



g;«r: !plei£5i = Sf»*r-«ift< 



■^^^■L 



DIAGRAM FOR OETERlwfjNiNQ VIRTUAL GRADES; CANADIAN PACiFiC RY, 
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irain will have acquired at the foot of the — 1% grade.^ The speed of 25*3 miles perliour on 
a + 1% grade corresponds to a distance of 2,800 ft.; miles par hour on the + 1% gprade 
corresponds to 6,200 ft. The train, would, therefore, stall at (6,200—2,800) = 3,400 ft. from 
the foot of the grade, or would run ( 5,830 — * 2,80&) ae 25,000 f ti,. before its speed would be 
reduced to 7 miles per hour. 1'his distance (3,000 ft.) can, therefore, be operated as a virtual 
+ 0*6% grade, beyond which point the grade must be reduced to an actual + 0'6% gprade. 
Experiments made within rather narrow limits of velocity and grade checked very closely with 
calculations made on the above basis. 

It is obvious that a locomotive with a tractive power curve which decieases less 
rapidly as the speed increases can be operated more favorably as regards momentum grades, 
so it is important that such grades be calculated for the most unfavorable class of engine 
likely to run ou^ that section. 

It considering the question of reducing the grades on the Montreal and Toronto sec- 
tion it is found that by the assistance of momentum grades only about 30% of these exceeding 
the new ruling grade of 0*6% will require to be reduced, or that it- will be necessary to rebuild 
only about 10% of the line whereas, to reduce these to actual 0*6% grades as much as 30% of. 
the line would have to be rebuilt. From this it is evident that much of the work usually 
done in reducing grades to a lower common rate percent., without utilisillg the momeatlUll 
which has been acquired by the train, is practically neeleSB expenditure. The subject is 
certainly one which offers a profitable and interesting field for experiment and study by the 
man who draws the red line on the profile. 

Engineering Newe :-*22 Natfemher lOOOr' 
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MOMENTUM GRADES. 
By 0. Fkank Allen** 

The letter on Velocity Grades in the Railroad Gamtte of Dec, 8, 189i>t prompts in© to 
write something on this subject The principle involved in the us© of velocity, or nionientnm 
grades k, of eonrsOj this i Of the pull or tractive force exerted by the tocomotive when in 
motion, partis used in ovcrcomitig the ordinary levaX tangent registances (including journal, 
rolling and atmospheric), part on cnrve resistance^ part oo grade resistauce, and if these do 
not consume the entire tractive force, what is left acta to produce an increase in the speed 
of the train. That is, thia nnbalanccd part of the pull acting through a definite distanci? 
accomplishes work which finds its equivalent in the increased energy possessed by the train^ 
and this is oxprussed in terms of velocity. In a similar way, when the pull of the looomotive 
IS insufficient to cover the resistatiees on taugenfc, curve and grade, this deficiency eiista 
through B definite distance acting substantially as a retarding force. Now to meet this, work 
must be done, and this can bo acconiplished only by drawing on the energy of the train due to 
its velocity, and in yielding energy the trftiu suffers loss of speed. Thus-, a train starting upon 
a grade, at a speed of 20 miles an hour and ending at 5 miles au hour, can climb a hill steeper 
than would be possible at constant velocity, 

A proper understanding of the suject nmy be had by using the method of ** virtual 
heights" and "virtual gi-adesj" following Wellington's geneiml method. I| is well under^ 
stood that any body to which velocity has been iinpartedj has acquired energj^ sufficient to 

cause it to rise (barring resistances) to a heiglit given by the well-known formula h = ^ - 

2g 
*rhi8 becomes for velocities in miles per hour h =s O'OMH^V^j and to this should be added an 
allowance for the energy due to the rotation of the wheels about their own axes. Wellington 
finds this to add 6" 14 per cent, to the result^ making the foriuula H =: *0355t'*. The height 
thus found is the " velocity head *' ami Wellington, p. 3B5, gives a table (No, 118) for Gndiug 
lieigbts ("velocity heads*') corresponding to velocities. 

Knowing the elevations of the various points oti the track, we have the nctiuil profile* 
Having the actual protilt?, if we add to the actual height at any point the *' velocity head " 
due to the speed at that point, we tlms find what we nmy call the '^virtual height'* at that 
point, and a series of " virtual heights" connected give a '* virtual profile," and fronj this we 
can find the "virtual grades/' These " virtual grades " meBsnre the resistances to he over- 
tome by the locomotive in addiiton to the level tangent and curve rcsistrinces. It is evident 
that the effect of the actual grade is taken into account since the actual grade is used in deter^ 
mining the ^-irtual grade. The matter can better be understood by examples, 

(a.) Let the full line iu Fig* 1 represent an actual profile, A train is assumed to pass 
Station at a speed of 1'* miles an hour, to proceed at the same speed to Station 10, and 
continue at the same speed to Station iry. The velocity head for 15 miles =s 7*99, The 
'* virtual height" afc Station E then = 17*99, At 10 the speed is the same, and the virtual 
height therefore the same* The *' virtual grade" is level, and the locomotive has to 
overcome only the level tangent and curve resistances. At 15 the actual elevation is 1 7*50, 
and for the same speed of 15 milea, the "virtual height" is 2b'49; the '" virtual grade" js 
pandlel {i.e., equal) to the actual grade of + I 50 per 100, so that in passing from 10 to 15, 
the locomotive has to overcome a grade of + 1*50 per 100 in addition to level tangent and 
curve resistances* The pnll of the locomotive evidently must be greater here from 10 to 15 
than it is from to 10. 

The road may be operated, however, so that the locomotive will exert a uniform puU 
from to 13, having a spt^d of 15 miles an hour, however, both at and 15, The virfcnal 
heights will be at 0, 17*99; and at 15, 25*49; a rise of 7*50 in 13 stations, or + 50 per station^ 
— ^ — ■ " " ^ 

t Set Appendix G, 



157 

so that the '' virtaal grade'' under this mefeliod of operation is + 0*50 per 100, At 10^ th& 
" virtual grade " line is at elevation 1 7-99 + 5*00 = 22'99, or 12^99 abovo the actual protilo at 
la But 12-99 is the " vebcity head " for a speed of 19i\^ miles per hour. The locomotive 
which leaves Station exerting on a level track the pull necessary for a + 0*50 grade^ pulla 
between and 10 more than the amount of the level tangent and curve resistances, and the 
surplus pull serves to raise the speed from 15 mile*i to 19 j-*^ miles- From 10 to 15 the pull 
due to a +0*50 grade^ iii insufficient for the actual + 1 50 grade, but here the train parts with 
some of its surplus energy, loses velocity and yet reaches Station 15 with a speed of 15 miles 
per hour. 

(&,) Similarly in Pig. 2, assume as conditions that the train passes Station at 25 
miles per hour, and reduces speed to 10 miles per hour at Station 60. The locomotive is to 
exert a uniform pulL 

The virtual elevation at = 2000 + 22*20 ^ 42*20- 

The virtual elevation at 60 = GOOO + 3^55 = 63*55. 

The virtual giade will be - — -" >■ — "- = + 0*36d per 100. 

The velocity head at 20 = 4220 + ?12 - 10 00 = 39*82. 

KXAHPLSS OF THE APPLICATION OP MOMENTUM GrEADfiS. 
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The yejocity head at 40 ^ 42*20 -K 1424 - 4000 = 16-44. 

The speed at 20 = 33'3 miles, and at 40 -= 21*5 miles per hour. 

The principle of " momentum grades " bas been made use of mainly in connection 
with steep grades. The train is operated so as to pass the foot of the grade at high speed and 
reach the sumnolt at very low speed ; in this way the rate of " virtual grade ** becomes much 
less than that of the actual grade^ bat it is the "virtual grade" which is the effective 
*^masimnra grade *"" and wMeh measorcs the resistance that tie locomotive must overcome/ 
That the prtudpio involved is an important one, and should be made use of in many castas, 
goes without saying, Hiat '' momentum grades '* should be used indiscriminately in original 
location admits of serious doubt. To the writer it appears that there are serious objections to 
placing complete dependence on the use of momentum on grades for several reasons. 

First. — Tlie necessity for stopping or even slowing down (either at the bottom or any 
point on the grade} would interfere with the operation of the grade by momentum, and a stop 
er a slowing d«>wn might be necessary from several causes : viz. 

1, A track-gang at wort relaying track. 

2. A bad bridge, unsafe at high speeds. 
B^ Bad wfftther aiid cautionary orders. 
4. Cattle or other obstruction on the ti*aet. 

S^ Signals out of order or fog. 

40 



SeooTid* — It is objectionable to acquire a higli velocity at a sag for severd reasons : 

L Broken wheds are mora commonlj found at the foot of long gi^ades tliau 

elsewhere. 

2, At high speeds in passing the sag, the shock upon the draw-gear is severe, and 
Tertical curves to avoid this are inipnicticable. Wellington's rule requires for a — I'OO grade 
succeeded by a + 1*00 grade, a curve extending 40 stations each aide of the vertojCj with a 
consequent raising of grnde from vertex to curve of 20 vertical feet. 

3. Train discipline on freight trains cannot be maintained if orders are given that a 
speed of 15 miles an Lour shall not be exceeded except at (the moat dangerous places) sags 
in the h'ne. 

Third* — On very long grades the difference in '' velocity heads" will be distributed 
over so great a distance that the resulting decrease in "maximum grade" (from actual to 
virtual) will be comparatively small ; while pn very short grades it is often possible (and 
certainly preferable) to reduce tbe actual grade. 

Fourth. — ^There is always a material advantage in keeping any grade somewhat lower 
than the maximtnn, bocause train loads are seldom constant throughout an e::tire division « 
and any special piece of steep grade may happen to occur at the place when the train must 
haul its heaviest load^ and a grade lower than maximum would allow a slight increase of load 
to be carried on any train over that portion of the division, and so increase the capacity of 
the entire division. 

For these reasons the writer would always be slow to make use of " momentum grades'* 
(for effecting a practical reduction of the maximum) on original location* In revising line, 
however, where conditions of traffic and operation are well established, a failure to take advan- 
tage of the principle, on grades which could not be reduced, would sometimes result in largely 
increased cost of operating* The " motnentuio grades ^* woidd then bo made uie of, not from 
definite preference, but as the lesser of two evilsj because a failure to so use them would result 
in aometliing worse, small train loads over an entire division the other parts of which would 
allow satisfactory and economical working* 

The writer nrges that in no case should the ^'mpmentnm grade" be accepted as a 
matter of course, but it should in each case be taken into consideration by the engineer^ who 
can then accept or reject it in view of the special circumstances existing, exercising that 
** engineering judgment" which in this, as id all engineering questions, considers the practical 
bearings in connection with the mathematical conclusions, and in view of evidence of various 
sorts, determines what is the wise procedure. 

[c) The *' virtual profile," however, is capable of more extended usefulness than 
has thus far been shown* On any profile, as in Fig, 3, a ** virtual grade'* line AC may be 
drawn with an inclination which marks the maximum grade at which a locomotive can haul 
its train at uniform speed (or f^hich represents the pull which it is iutended it shall exert). 
The distBuce from the actual profile to this grade line then shows, by the *' velocity head/* 
the speed at any given point 

In the figure, for instance at 0^ asaume velocity == 18 miles, then at 

, 20, veL head=4fl 50— 10-00= 3650 and veL=321 miles. 

35, veh head= 54-00- 25-00= 29-00 and vel.=28 Gmiles, 

55, veh head= 64-00- 6*00=59*00 and Yel. = 40-8 miles. 

(d.) In a similar way it is shown that another engine can haul ite train on a grade of 

:* 1-50 per 100 without losing velocity. In Fig, 3, the train is assumed to hare stopped at 

Station 20, and so will leave it from a state of rest- At what point will it havo acquired a 

^peod of 24 miles an hour? Obviously, at the point where i>^=20*4G, which is the 'Velocity 

head" for 2 t miles an hour* This will be at Station 40+ 18'4 
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{e.) Similarly id Fig. 4, a train atarts from with a speed of 30 miles aa boar. Th© 
grade is to be a momentum grade. The locomotive can pull its train on a + 0"60grade without 
change of velocity* When its speed is reduced to 10 miles an hour^ it must proceed without 
further loss of velocity, and therefore the actual grade beyond this must not exceed + 0" 50* 
At what point wit! its volocity be reduced to 10 miles an hour? Evidently at Station 56 + 80, 
where the difference in elevation between the actual and virtual grades is 3'55j which m the 
velocity head for 1 miles an hour* 

(/.) In one special direction the principle of "virtual grades" can be made use of to 
considerable advantage, and this ie in original location at stopping points. In may cases it 
may be predicted that all or nearly all trains will stop at each way-station, Th© operation of 
the railroad will be facilitated and economy result if tliG track at the station be placed at a 
higher elevation than wonld be proper if no station was there. For example^ in Pig. 5, 
instead of the straight line for a uniform grade of + 0*50 from A to M^ make the grade BC = 
+ I'OO and CD level. From the figure it can be seen somewhat more effectively than without 
it that the speed of a train from either direction will be checked ag it approaches G for a stop, 
and thus less expenditure of braking force will beneceasary* In leaving G in either direction^ 
not onlyswill the grades allow easier starting of the train, but velocity will be acquired much 
more rapidly than if the profile had fallowed the dotted line from B to 1>* The statement has 
been made that it was at one time proposed for the elevated railroads of New York City to 
place the stations at the summit of grades from either side. The idea failed of adoption 
probably because such an arrangement would require more exercise of leg muscle on the part 
of the patrons of the road in mounting to the stations. 

There are many possible applications of this principle of '^virtual grades" besides 
those mentioned. Superintendents in making time charts could determine definitely the effect 
of actual grades in limiting the speed of trains, the time required for acceleration of speed in 
leaving stations, but it is not the purpose of this letter to exhaust either the subject or the 
reader. 

To the writer it seems very desirable to acquire a kuowledge of priuoiplea in some 
snch fashion as above, rather than to use a formula simply by substituting values, often with- 
out understanding the principles involved* This view of the matter will furnish an excuse for 
the space occupied in attempting to outline one method of treating the interesting subject of 
"momentum grades," The writer uses the term "momentum grade" in preference te 
''velocity grade '^ which occurs in the article of Dec, 8,* Neither term is very scientifiOj hzt 
^' momentum grade" has been more used, probably than '* velocity grade,^' The term *' virtual 
grade '* is good, but not as suggestive. 

ThB Bailroad Gazeits ;— 12 Jan. 190?. 
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THE THEORY OF VELOCITY GRADEa 

EoAMDKE, Va^ Nov. 30, 1899t^ 
Tto THi Emxos OF thi Kaiiboad Gaxktti t 

There are qaestions connected with ve!t)«ily gravies, and their advantage! in handlmg^ 
loanag6t that a*& tedious to answer, figuring" from first principles The following may be- 
£otitid conTeniesi in such cases : 

Tfio relltiiofi between the factors that make up the Bknalif>a maj he ^Jtpressed hy 
the following formula ; 

0.5 (P, -k PJ L 



111 which 



T = 



I*= greatest weight of train, including engine and tender,, ia bone tl 2jOOO lbs,, that can be 
haodJedl uodec the conditions giv»ak 

S^i ^ ioitiiiJt speed iauiles per hour ; or the- speed at which the train is nLovtng when ita 
centre of gravity k at the heginokig o£ the dktauce L^ 

Bt — final spe&d in luiles per houj. Thia ia tha speed of the train when ita centre of gravity 
is at the end of the distance^ JL 

4 ~ length of tmckj in stations of 100 £t, eadi m whkh the speed icari^s from S^ to S^* 
f^i s= tr&ortion ut Iha- engine in poiiuds, ai iiho raife^ wkeii, moving at the speed S ; the engine* 
being sup{^>sad to be exertiug alii the tjiaction k ghh at tfaat sijeed.. 

9f = the same at speod S^, 

M =■ average resistance of friction, in pounds per ton,, for the entire traki. 

fi = cate of gmd^j ia feet p^ station, which is nntform fon the distauce L^ fi ia the posftirch 
foff^an up gifade-i and oegative^for a down grade. On a levtel of cotiree G is 7,^ro. 

When the tractive poweir of m\ engine at varying speeds is known, Formnia I, may 
lie uaed witb. correct results, GeiusMsnyy, howeveij this is not known, and it appeaps best to 
Ijjie writer- to use iiivsaah cases au empirical expression forthe traction that may be reasonably 
expected foom an engine of given weight on driving-wheels moving at a given speed. An* 
aocuiato-c^resston must necessarily iiieiude, not only thogdreruing dimensions of the engine^ 
but also a camhined expression for tlio pergonal equatiEma of the engineer and fireman and 
aud tlie co&lused^ E.specially is^ iti better to use such an empetscaL formula when revising 
grades on an engine^ division, than to* nmk a- use of the fei*action of a given engine- that may be- 
eome obsolete in a few months. The writer suggests the following as an espression for the 
k^actinn in gonndas for an en^^in^ we^hing D poundaom. driving-wheels i. 

4i) 



#^ 



^+ W^ 
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In this, S'ia tho sliced at which the tvaction^ P; can bs ojierted"; S being over fonr 
milto per hoar, and sand beimg used at slow speeds when necessarry k) ineiease adiiedon. 

In th& following examples of the nse of Formub I., tAe weight of the* engine on 
driving- whuoh, D^ is taken* 2Jl 15<)JD00 lbs,, and the vslnes of Pi a*id Pj from EoKmila II* are- 

4 B 

ftnniititatod ; amusing that Pj =^g; — -^ry etcs 

Tor a unifosm speeds we have S | = B^ == S^ and* 

6o§ioao* 



T^: 



.»UT. 



(»+10)(Jt + 20O) 

whiell^ i*r an expr<*ision for the total weight of the train that »n be taken up a grade of <S per 
tti^al a miform speedy 8^ 



ft advantage is to lie takeri of^tlio momentum of the ivM^ in overcoming the grade, 
sitid we assume an initial speed Si of 25 miles per liour reducitig to /ETj = Smiles per hour, 
and assume the ave^age friction as* 7:4 Ihs. per ton we hare 

r- M28L . 

^ ""^575X4- (?/- — 20 • ••^^* 

in which T is the total weight of train that can be taken up the grade by the given engine 
with the given initial and final speeds of 25 and 5 miles per hour. The expression &X is the 
total rise in feet. 

To find whether a desired initial speed can be attained for use on a given velocity 
gfade; say, 26 miles per hour, it must be determined whether the train can attain a final 
speed of 26 miles per hour at the end of the' approach track to the given velocity grade. 
Amusing' that the tridn can reach the approach with a speed of 6 miles per hour we have 
a\ = 9-and fifj = 26, and 

426-6 T 

^"27,150 -Br- 20 fl^r ^' 

in which Lis the distance required to get up a speed of 26 miles per bouF from, an initial 
speed of 26 miles per hour. If the grade is 'falling the last sign in the denominator is 
positive. 

If it is desired to find the steepest grade by which a given train c%h ascend a given 
height, with an initial speed of 23 miles per hour and a final speed of 5, T^e have, calling the 
total rise if, 

_r( g-20) 

1,428 — •375r 

This gives the nliiniinumf length of the grade L, from which, with the total rise, the maximum 
rate of grade can be calculated. 

If a train starts up a grade o£ indefinite length with a given speed, there is a point 
at which the momentum is expended, and from there on the engine must overcome the 
remainder of the grade by traction only, unassisted by m(»mentum, in order to reach the 
summit. To locate this point for any given grade make 8 =s (say) 5 in Equatiou III, and 
substitute thetesulting value of T in Equation IV. Then if B is taken at 7 J lbs. per ton we 
have after transposing 

r — _i?*!5_. viT 

This gives the maximum length of velocity grades of given rate G. Longer grades come 
under the Equation III. If some other value of 8 had been assumed in Equation III. the 
maximum length of velocity grade would be altered ; bat in any case the length is such that 
just as many total tons can be taken up by taking a run at the grade of 25 miles per hour 
reducing to 5, as by a steady pull at the speed assumed. In this case, however, an assumed 
uniform speed of eleven miles per hour cannot be exceeded, as greater assumed speeds result 
in a negative valne for L which is of 'no practical utility. 

Formulas I. and'II. may be combined and written 






...VIII. 



This formula contains seven variables, any six of which being known the seventh can be 
found. Formula II. appears to fairly represent traction within the limits of variation met 
with in practice, and may be brought in line wiih any given actual figures by slight altera- 
tion of the constants. Of course any expression for traction in pounda naay be substituted 
for Pj and P^ in Formula I.; and the more correct the expression the more correct will be 
the results. 

CHAS. C. WENTWORTH, 

Bridge Engineer Norfolk & Western Bail waj. 
8 December, 1899. 
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To TAB Editor of thi Railboad GAzsrrK : 

In the article on "The Theory of Velocity Grades'* in your issiie of Dec, 8, p. 8-37, 



there is given an empirical formula P = 



4D 



where P = traction of engine at rails in 



6' + 10 

pounds^ D = wt, of engine on drivers in pounds, and 8 = sp^^ed in miles per hour. The 
assumption made here is afe varinnce with the ordinary practice of considering that thif 
adhesion is the measuri.t of the traction and thai the adliesion is independent of the vt*locity* 
111 the brake experimefits made by the Galton (in connection witSi Westinghoiise) the coefiicient 
of adheBi^»n of car wheels was found to be independejt of the velocity of the car. From the 
experiments of Prof. Goss on the effect of incorrect counterbalancing uf locomotive wheels, 
it seems possible tluit for locomotive wl reels some decrease of coefficient may result from an 
increase of speed. At moderate speeds, the erperiments indicate that the effect conld hardly 
be importnnt, and it is not readify conceivable that the coefficient of adhesion should from 
tilts cau^e vary from ^ at 6 mile^ an hanr to ^ at IS miles an hoar« It is difficult to ander- 
stand how the ''personal equation of the engineer and firemanj and the coal used/' can 
seriously affect this in connection with velocity grades. 

The personal equation of the Superintendent of Motive Power ought to be expected 
to e titer into the matter to an extent to make the personal equation of the engineer and 
fireman small onongh to be properly neglected. It is considered good locomotive practice to 
make the boiler power and the cylinder power of a locomotive at least equal to the adhesion. 
Where this has been done, the engineer and fireman who regularly stall their train without 
slipping the drivers will become the victims of the personal equation of the Superintendent 
of Motive Power, and cease to be disturbing factors in the operation of the velocity grade. 



The practice of the Master Mechanics* Association appears in 1887 to be to take the 
coefficient of adhesion for freight trains at t:^* The formula F = jj^'iTi gives for a epetd 



«+ 10 

of 18 miles an hour a coefficient of ^. With a locomotive of 45 tons on drivers, the traetioii 
in one case is 21,176 lbs. and in the other 12,857, a difference of 8,319 lbs* If train resistance 
on the level be taken as 6 lbs, per ton, then on & grade of LOO per 100 the total resistance 
will be 26 lbs. per ton and 8,319 lbs. measures the resistance of about 320 tons. If it should 
cost {for a conservative estimate) only 1 mill extra per ton-mile to haul these 320 tons on 
other trains, this would amount to 32 cents more per train mile; on a division of 100 miles 
there would be a difference of $^2 per train. Bather than allow a leak of this amount in the 
opemtion of the road, the most urgent measures could be resorted to both in the design of 
locomotive and in checking the work of engineer and fireman. An inspector on each train to 
prevent this waste would prove a source of rare economy* Before the empirical formula P = 

4 D 

- f7i i^ accepted, data in considerable detail should be offered to demonstrate it^ sobstan* 

tial accuracy, as it appears to be opposed to ordinary practice, and unre^isonable in its 
results. 

Another point of far less importance, is in formala I, where j is used as a coefficient 
before (5i*— S^*). This coefficient appears to neglect to take into account the rotatiTe 
energy of the car wheels, and is thus in error by 4^ to G| per cent, depending upon whether 
th© practice of the Baldwin Locomotive Works is adopted or the figures of WeUington'a 
Economic Theory of Railway Location are taken. The difference would not be important for 
freight train speeds. A coefficient of f would nearly agree with both Wellington and the 
Baldwin Locomotive Works. 

EIOEEB. 

IS December 1899. 
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RoANOKB, Va., Dec. 26, 1899. 
To THR Editor of thb Railroad Gazettr : 

The following in reply to " Kicker" and Mr. Raymond in the matter of velocity 
grades : 

Formula VII. of November 30 is correctly generalized by Mr. Raymond as 

J, _ 4 (S, + 10 {8, ^ 8^) 
8 i^ + 20 G 

the considerations used by the writer as leading up to Formula VIE. being as follows : 

A velocity gmde is one on which the momentum of the train is utilized; the effect 
being to reduce the speed from 8^ (initial) to 8^ (final). 

Formula III. gives the least weight of train that can pull down the speed eventually 
to the final assumed rate, 8^^ on the giv?n grade^ Q. A greater weight of train than this will 
reduce the length of the velocity grade. A less weight of train will not pull the speed down 
to Sj. 

The weight of train given by Formula III. is therefore the one that fixes the length 
of the maximum velocity grade. Formula YI. gives, when transposed, the length of velocity 
grade for a given weight of train. The combination of the two, Formula YII, expressed 
generally, is therefore the equation sought. 

With regard to the reasonableness of the expression 

&• + 10 

as fairly representing traction : as '' Eacker*' has mentioned Wellington's Railway Ijocation, 
the writer would refer him to page 532 (edition of 1887) where it is stated as a result of ex« 
periment that between speeds of 17 and 23 miles an hour' the traction was found to be 
*' nearly f* of the weight on driving-wheels. Also to page 519, where the traction at 
starting, say 6 miles an hour, and at 50 miles an hour, are found to agree closely with the 
formula. 

At 20 miles an hour an engine of 150,000 lbs on drivers would have to indicate by 
cylinder diagrams appreciably in excess o£ 1,067 horse power, in order to agree with the 
formula. This is the effective out-pnt of power, delivered at the rails, by the formula at that 
speed. That this is usually or continuously exceeded by most engines of such weight is not 
apparent to the writer. 

Further, it is best, in his opinion, not to use too high an expression for traction in 
planning velocity grades. Then, if a car can be added to the train when the work is done, 
it is far better than to have to side-track one, as absolute accuracy is out of the question. 

Also, the method of determining the average traction by adding the tractions at the 
extremes of speed and dividing by two, gives an average traction which is in excess of the 
actual average. 7%is was assumed to offset the effect of the rotative energy of the car wheels 
and both facts were disregarded in the general expression in consequence. Both errors, if 
they may be so called, become zero at the same point; namely, at a uniform speed. 

The effect of the use of the formula would not be to reduce the weight of trains, 
as '^ Eacker'' imagines, but it would result in an appreciation of what actually occurs ; namely, 
that at bard pulls the speed is decreased until the traction increases sufficiently to meet the 
necessities of the case. 

The negative value of £, mentioned Nov. 30,^ resulted from combining B^ s 25 and 
8^ ^ h with 5=11; which, as before mentioned, is of no practical utility. 

CHAS. C. WBNTWORTH. 
5 January 1900. 

•Page leo. 
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To TBI Editoe 01? the Baiuioad Gazettr: 



4D 



" With regard to the r*?asonableness of the Fminula P == -gr -- ^- /^ Mr Wentworth, 

in your issue of Jan* 5, IPOO, page 1, rrfei-s "^ to page 532 of Wellington's RMilwaj Local io^, 
where it is stated aa a result of experiment that between speeds of 17 and 23 miles per hour 
the traction was found to be nearly | of the weight on driving wheels." Mr, Wentworth here 
fails to draw a distinction between the total traction an engine i^ capable of exerting (its total 
adhesion) and the actual pull which the locomotive happened to exert in a trial where no at- 
tempt was made to determine the total force of adhesion between wheel and raiL 

The symbol P which enteric into several formulas on page 837, Dec. 8, 1899, is defined 
by Mr. Wentworth as "traction of the engine in pounds at the rails , . - the engine be- 
ing sapposed to be exerting all the traction it can at that speed/* Wellington's words, pagQ 
532, are *^ actual average pull {nearly | load on drivers)/' An " average ** pull is clearly lea 
than the maximum exerted and evidenlly would not tux the adhesion. 

As a matter of fact, the more complete records oE the test (Journal of the Franklin 
Institute, Aprils May^ 1879) show that no measure of the ndhesioD was taken or attempted, 
that the records of pull (traction) were indicator cards, that the engine was operated with an 
average cut-off of about * /^ j so that it could not have been cxpectfed that the limit of adhesion j 
would be reached by the engine running in that way. The indicator cards giving the maxi-1 
mum result for pressure of steam showed pressures far in excess of the average for the run. 

The cards indicating the-^e maxinmm pressures showed a tractive force of about— ^^ of the 

load on the drivers, and there was no evideace igiven te show th it even this taxed the adhesion. 

Mr* Wentworth also refers " to Wellington, page 51 P, where the traction at starting, 
say HX miles an hour, are found to agree closely w^ith tire formula/" Wellington^i* itordji are: 
*' Mr. Dudley found the traction at starting to be 1 i,O0O to 12,000 lbs. for the fir^it 100 to 200 
feet, falling to 2,800 to 3,00) lbs, at 50 miles per hour/* the traction here referred to is not 
adhesion, but simply the actual pull of tlio locomotive* and Dudley's experiments simply illu- 
strate the fact already well known that it takes more force to start a train than to keep it ii| 
motion^ 

The only evidence, than, that Mr, Wentworth offers in support of his formula for the 
maximum traction possible at any speedy turns onl", ivhen analysed, to have no bearing on that J 
point. The experiments to which he referred to, on the other hand, furnish evidence that at* 

moderate speeds of 17 to 23 in one case, a pull was exerted, equal to about - .^, of the weight 

on drivers (and more than | in several cases). Tlie adhesion passible whs doubtless definitely 
in excess of the traction exerted in either of these cases* 

Allow me to state a correction two lines above my name, on page 855, Dec, 15, I890.i 
A coefficient of ^ (not |) instead of f is what I intended to write* 



KICKER. 



26 Januartf lOOO. 



Trot, N. Y., January. 16. 
To THi Editor of thk Railroao GAzrrrE: 

Mr, Wentworth's explanation of the velocity grade formulas is not altogether satisfac- 
tory to me ; nor does Professor Allen's statement of the qnestion very mnch better it T realize 
that space in the '* Railroad Graztte" is to valuable too bo occupied with long arguments, but this 
fiubject of momentum gardes, at which a few years ago almost eTBry one laughed, is now 
coming to be a very important subject, and the possible length of a momentum or velocity 
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grade is one of the most important considerations question of momentum grades^ let us look 



at Mp. Wtntworth's tractive force formula. It is T = 



4 D 



in whicli T is the tractive 



fif + 10 

force of the locomotive in pounds, JD the weight on the drivers, also in pounds, and 8 is the 
speed in miles per hour. Assuming that this is a correct form for a tractive force formula, 
and needs only to be changed in its constants to be correct, and with the understanding that 
it is not intended to fit any particular locomotive, let us see how it fits each of several locomo- 
tives whose tractive force at various speeds has been determined by Mr* B. M. Herr, and 
presented in a paper before the Western Railway Club. We will assume the coefficients of D 
to be good, and will determine what values of the denominator constant are required to make 
the observed results agree with the formula. 



8peed in Miles per Hoar. 



Engine. 


5 


10 


15 


20 


25 


30 


85 


40 


Class. 


Description. 


Valaes of derominator in T- vA^ ^^^ various speeds. 

fl + X 


P ... 
X ... 


8imple mognl 
8imple consolidation ... 
10- wheel componnd 
lO-wheel simple 
Componnd Mastodon ... 


8 + 11-8 
8 + 10-6 
8 + 12-2 

8+ 8-3 


8 + 0-3 
8 + 8-4 
8 + 9-4 
8 + 6-6 
8 + 6-7 


8+ 9-2 
8 + 10-8 
8+ 7-4 
8+ 3-9 
8+ 5-8 


8 + 110 
8 + 151 
8+ 6-5 
8+ 2-2 
8+ 6-7 


8 + 18-6 
8 + 228 
8+ 7-2 
8 4 2-1 
8+ 8-8 


8+ 8-6 
8+ 2-8 
8 + 12-0 


>•• 

... 
8 + 9-9 
8 + 8-2 


... 

8 + 11-2 

8+ 8-4 

••• 



This table shows, as was to be expected, no particular value for the denominator 
constant that will fairly average the various locomotives or that will represent what might be 
caUed an ideal engine. The fact is that the tractive force of the engine above, say, 10 miles 
per hour is not at all governed by the weight on the drivers, but by the horse power capacity 
of the boiler and cylinders, and it may be readily* shown that the cylinder tractive force for a 

q<7K 7" 77" P 
constant horse power capacity is given by the simple expression T= g where 8 is 

the speed in miles per hour, and T is the tractive force in pounds. Now an ideally designed 
freight engine would seem to be one that could exert this full power down to some minimum 
speed of, say, 10 miles per hour, at which point its tractive force will be limited by the weight 
on the drivers. That is, the horse power and weight on drivers should be so proportioned 
that there shall be ample power to utilize the full adhesive tractive at low speed, and that 
constant horse power shall be maintained at all velocities above the prescibed minimum, to the 
extreme required by the service for which the engine is designed. It is a noticeable fact 
that freight engines of approximately the same horse power differ widely in weight on 
drivers. This should not be except they be designed for quite different service. The formula 

ought to hold good down to determined minimum speed, and it would seem 



T = 



375 IH P 

8 



that 10 miles per hour is not too fast for this low limit. The realization of this formula down 
to this speed is nearly reached by some engines. The formula fits most engines through a 
considerable range oE high velocities, and is in disagreement only at the lower speeds below 
15 or 20 miles per hour. Of course not all this indicated horse power gets to the rails, and 
very much less than this gets behind the tender. 

Now as to the velocity grade formulas. The first one would, I think, be improved 
by using the mean tractive force of the locomotive for the limiting speeds 8i and 8^, and 
making the usual 6 per cent* allowance for wheel energy. This formula would then stand 

P^ L 
'^^ L (B -f 20 G) - 7/10 (S,« -.Sj*) 

This formula simply says that the work done by the engine (=: the average pull 
times the distance, lOOJD, pulled) must be equal to the work to be done on the train (= the 
average rolling resistance in pounds per ton, all multiplied by the weight of the train in tons 



• [Bee p. 168.] 
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and by tte distance, lOQL) less the work done on the train by tbe aorrender of velocity (= tbe 
weight of tho traio times the difference in vt-locity h^^^ad for the initial iind final speeds)*! 
The well known grade resistance formula it* r = 2U(j, where r In the resistance iu pouuda per 
ton and G is the grade in rate per cent. The forumia for velocity head^ which is the distance 
through which a body most fall to gain the given velocity, with a 6 per cent, addition for 
energy of rotating wheelsi is fc = 03555', where 5 is the speed in miles per hour. The 
algebraic operations necessary to put the first velocity grade formula into simple shape are 
responsible for the particiilar values ot the constants* Now for the parpose of analysis it 
will be well to transpose this formula and assuming a given load, solve for the length of grade 
of rate G^ that can be handled by a given ejigine starting at a speed of S, and being slowed 
down to a speed ot S^* 1 believe the problem more often arises in this way than otherwise. 
The transnosed formula ia. 

^^7/lQ (S/-^ ,n 

R + 2Q G-^ 

This formula gives essentially the same results as the method suggested by Mr, 

McHenry, CUef Fngineer of the Northern Pacific Bailway, who gives this rule, L = — 

in which d is the difference in velocity head for the initial and final velocifcies^ g is the 
grade In question, and g^ the virtual grade for the engine for the given load and mean 
tractive force for the given speed limits. The two formulas are exactly interchangeable, for 

These formulas indicate that the length of the momentum grade may be obtained 
geometrically by laying off on a piece of prulile paper at the foot of the given grade a vertical 
line equal to the difference in velocity head and drawing from its upper and a grade line equal 
to tho virtual grade for the given load and mean tractive force and resistance, and noting 
where the virtual and actual grades intersect* The point of intersection fixes the limit of the 
momentum grade. This is the method of Prof. Allen in his paper in the Railroad Gazette 
of the 12th inst^j except that Prof. Allen uses the virtual grade for the minimum speed rather 
than for the mean tractive force. This method g^ives lengths of grade probably much too 
grent. Just what tlie virtual grade corresponding to the varjing tractive force nnd resistance 
is cannot be easily told. It is donbtlosa a curve beginning with the grade corresponding to 
the initial velocity, and ending with tliat corresponding to the dnal velocity, and from some 
drawings I have made I believe it will almost always meet the given grade at a point in 
ndvimee of that given by the mean tractive force formula. I shtonld not be surprised if the 
omission of the coefficient of the revised Wentworth formula would give very near the truth 



for many grades. This fonnnla would then be /^ = „ ^ ^ _ t\^ It would be interesting 

to know how closely experimentR on the Northern Pacific or elsewhere agree with the 
McHenry fomula. There are so many accidentals in train motion that can not be considered 
in theoretical formulas, that it is not at all unlikely that the -formula for average conditions 
may most nearly represent what can be actually done. 

But now as to Mr. Wentwortb's seventh formula. It seems to me that he has not 
found the length of momentum grade of given r^^t© that can be worked by a given engine, 
hecanse he uses a weight that the engine can handle on th^ grade itself at the inferior speed 
Hmit, hence tho grade is not what is called a momentum grade at all* The formula still gives 
the point at which the stored miergy is expended, but tho train goes on indefinitely, and there 
is no limit to such a grade. This will be readily seen if, instead of assuming the load for the 
-mioimiLm speed, the load for the mean tractive force be assamed. The result of iubstituiion 
in the formula will be Ii = infinity. With the heavier load due to the slower speed, L becamea 
finite, but is of no sarvioe in showing how long the grade may be. If the load assamed be 



i6? 



that for tlie ruling grade of the road at the low speed, the result is pe|rtecily rational and 
serviceable. Bat no grade of less rate than the ruling gi*ade can be said to be a momentum 
grade. Such a grade is operated by stored energy only for the purpose of maintaining higher 
average speed, and in velocity problems we may discuss the point on any grade at which the 
train will get down to a uniform velocity, but this lias nothing, to do with the length of such 
grade that can be, as a matter of possibility, operated as a momentum grade, unless the grade 
be steeper than that for which the engine is loaded for the minimum speed. ' 

WM. G. RAYliONt). 
26 Jan. 1900. 



To TAB Bditor of ths Bau^boad Gazbttb: 

Confession is good for the soul. What Mr. C. C. Wentworth's references to 
Wellington failed to do, the results of Mr. Herr have accomplished. " Kicker *' acknowledges 
that he has been wrong in maintaining that traction is independent of speed. Will it be 
allowable, however, to suggest a question as to the propriety of applying Mr. Herr's figures, 
or Mr. Wentworth*s formula for traction to the case of ** velocity grades''? Mr. Herr's 
statement is that '' these curves are believed to represent about the maximum horse-power the 
•different engines are capable o£ sustaining coutinik>usly under service conditions." Isn't it true 
that an engine, like a horse, can for a short time exert distinctly more than the normal 
traction 7 Do not locomotive engineers make preparation for a stiff grade ? Don't they well 
fill their boilers with water and get the water hot in approaching a grade soihat no cold water 
need be introduced for a time ? Don't they force their fires and heat their boilers for a 
brief time, hotter than they will stand for a long period ? Don't they in this way secure at 
the foot of the grade and over the most or all of a short grade, a traction much greater than 
Mr. Herr's figures show for traction '^ sustained continuously"? The great gains on velocity 
grades are made where the grades are shore ; on long grades the height saved is distributed 
over a long distance and the gain is less proportionally. -If the engineer can thus secure 
increased traction from his engine at the higher velocities on a velocity grade, then Mr. 
Wentworth's formulas would require modification in considerable degree. It is even possible 
(though not probable) that the traction would become nearly constant. The writer would 
suggest that some additional data definitely bearing on t]^is point would be of considerable 
value. Will it be out of place for '• Kicker " to remark that after having " pitched into " 
Mr. Wentworth he believes that the latter deserves thanks for being the means of bringing 
out pretty thoroughly the fact of varying traction, which many civil engineers certainly 
have not appreciated. 

In answer to a private criticism that there is quite a discrepancy between the 
experiments quoted by '' Kicker" and the results of Mr. Herr, it may be stated that the 
discrepancy is apparent rather than real. Mr. Herr's results were for continuous performance. 
The result giving a coefficient of traction of about ' /^ at about 20 igiles per hour was based on 
a shorter performance and possibly represented only one or two indicator cards where the 
average of these experiments gave a coefficient of traction of about ^/y. In view of Mr. Herr's 
results, it would appear that the engine may have been running nearly or fully up to its boiler 
capacity, although it was not so stated by the author of the paper. The experiments and the 
results were quoted by *' Kicker " in good faith and furnish an example of how easy it is to 
use facts with perfect honesty to support a position which is really unsound. 

''KICKER." 
23 February 1900. 
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TBACTIVE FORCE FORMULAS. 



To THE Editor of the Railroad Gazette : 

In the disoossion of Passenger Train Speeds in your issue of Feb. 16, page 104, 

375 1 H P 
there is given one way o£ deducing the formula T = W— ^ — •' Another method may be of 

interest, as it calls attention to some of the first principles on which such formulas are based. 

' Jf T p 

The expression usually given for the cylinder tractive force T is, T = — ^— (I) in 

which d is the diameter of the piston in inches, L the piston stroke in feet, P the cylinder 
mean effective pressure in pounds per square inch, and D the diameter of the drivers in feet. 

The tractive force may, however, be expressed in different terms than those given 
in equation (1). Thus, if A is the area of the piston in square inches L the length of stroke, 
and P the same as used in equation (1), then will P A Lhe the ft.-lbs. in one stroke; conse- 
quently 4 P A L will equal the work done for each double stroke for two cylinders. The 
circumference of the drivers is ir Dy which, multiplied by the tractive force at the rails, must 
equal the work done in the cylinders, or, 4 P -4 2i = 7* tt A 

Therefore 

T = i^ (2) 

In the familiar equation for indicated horse-power, (for both ends of both cylinders), 
/. B. P.=z 4 QQ ^^,. . P, L and A have the same meaning as these letters in equation (1), 

OOj\)\)\J 

and If is the number of strokes in a single cylinder. Transposing, 

PAL^ ^^fiOOJ^f^- P- ....(3) 

Substituting the values of P J. Zr of equation (3) in equation (2), 

^_ 3^,000 /. fl. P. , 

^ ~ iri)N ^^^ 

In which tt D N= speed in feet per minute. If fif = speed in miles per hour and 
V = speed in feet per minute, F = S X 5,280 -r- 60, whence 

^DN^ ^2i|^ (5) 

Substituting these values in equation (4) and redncting, we obtain 

^_ 375 7. g. P. 

^"" S 

W. 

23 February 1900. 



To THE £ditor of the Railroad Gazette : 

Your recent discussions on " The Theory of Velocity Grades '* seem to have come to 
a somewhat untimely end. " Kicker's " argumentative forces have apparently been unable to 
withstand the fire of Mr. Herr's data in the hands of Mr. Wentworth. Still, "K." has left 
a considerable stock of animation, but only a little ammunition. His only hope now of prov- 
ing that traction is independent of speed is to bring to the front such an array of figures to 
prove his point that even the results thus far printed will be overshadowed by weightier 
arguments based on observed facts. That this can be done is highly improbable, but barely 
possible. Bat " Kicker '' does not desire to even appear to defend a position, that is not sound, 
and frankly admits that Mr. Wentworth has brought out pretty thoroughly the fact of varying 
traction — the most important truth established in the controversy. 
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I write to urge the farther discossion of the im|porfeant point raised by " Kicker " on 
page 113; which, in eSect, is that Mr. Herr's results were for traction '^ sustained continu* 
oosly/' and are not typical of conditions on velocity grades where the engine is worked pretty 
hard for a short time. This seems to be the turning point of the discussion in its present 
stage. 

It may not here be out of place to suggest that Mr. W^sntworth give an explanation 
of how his tractive force expression — which has so far withstood all attacks— was obtained. 
He has indicated how it agrees with modem practice, and has apparently established his claim 
made in his first article of Dec. 8 last, that an empirical expression for the traction that may 
be reasonably expected from an engine of given weight on driving-wheels moving at a given 
speed, can be safely used in such formulas as Mr. Wcntworth established. 

He well said in his first letter that an accurate expression for tractive, force must 
necessarily include not only the governing dimensions of the engine, but also a combined ex- 
pression for the personal equations of the euginemau and the fireman, and the coal used. 
JKurther, it may be said that, could such a theoretically correct expression be obtained for a 
given engine and under given conditions, it would be useless when the conditions changed. 
Still, it is well to note that the theoretical expression first used in the discussion by Prof. 
Raymond, T = 375 /. H. P. -r- S, has stood some severe tests and still it stands. 

In fairness to Professor Allen, I think it should be said that his article of Jan. 12 on 
" Momentum Grades " did not enter into the question of the proper amount of traction or of . 
train resistance at various speeds. Since any tractive force formula could be used with his 
treatment, it seems to me he has been dragged unceremoniously into a controversy in which 
he properly has no part. 

Prof. Baymond added much to the discussion when he generalized Wentworth's 
seventh formula {Railroad Gazette, December 8 last), which gives the length of track (Zr), 
in stations of ICO ft. each, in which the speed varies from 5^ to S^^ putting it in the form : 

2i=-j; ^ — ^-^~ — uTn f which does not contain the weight on the drivers, nor indicates 

any negative value for L. 

As for as I can make out, Mr. Wentworth has assured us that it is easier and safer 
to use the formulas which he has established than to solve problems in velocity grades by 
reasoning each time from the first principles. If the discussion, already very profitable, could 
conclude with further explanation of the new tractive force formula and an answer to 
** Kicker's '' query, we might get a step closer to the correct theory or theories of velocity 

grades and make the whole subject a little more practical. 

.A* YV . 

23 March 1900. 
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THE AIR RESISTANCE OF TRAINS. 

Alt that is definitely known aliout traiu resistance can be summed up in a few 
general statements. The forrauW which have beeo deriYed from specific tests are unreliable^ 
and have been found to be so widely in error for many conditions of service, that it is largely 
a matter of opinion which formula is n en rest correct, A serio^is objection to the best known 
formulas is that an attempt hsis always been nmde to include in a single expression all the 
factors which outer into the problem. There seems, however, to be a tendency to discard 
many of the theories fornieriy accepted, and to try to obtain some general basis from which 
equations can he derived which will cover specific cases; It is evident that this is just the 
foverse of tii& usual methods of iiiyeFtigating the resistance of trains. 

The total resistance of a train is made up of so majiy factors that it is n&w generally 
acknowledged that they cannot to advantage be Btodted collectively. Thus there is the effect 
due to grades, curves^ accelerations in speedy the rolling friction of the wheel on the rail, the 
flange friction on straight track, journal friction and the resistance of the atmospliere. In any 
road test all these eutar to affect the final results so that data obtained from service tests ©f 
necessity must apply to only a particular srt of couditions, and even fairly accurate conclu- 
&ions for general application cannot be drawn. Before a useful analysis can be maJe of the 
resistance of a train, each factor entering into the final result ma3t be coni^rdered separately 
under such conditions that all the factors can be controlled at wifl. This is a problen» similar 
to those which remained unsolved imtil the phm was devised for mounting a locomotive oa m 
testing plant, and while we are not prepared to admit that the laboratory offers facilities for 
delermining all the required information concerning train resistance, or that such results can 
he directly applied to practice without modification, yet it would appear that laboratory 
research may eventually offer the best general solution for portions at leasts atwl possibly fur 
the whole of the problem* 

The effect of grades and changes m acceleration can be uecHirately calculnted, and 
Prof. Denton has very thoroughly investigated the friction of car journal bearings,* Prof. Goss 
has collocted much importaut data regarding the internal friction of locomutives, not yet 
xavle public, and has al$o made au extended study of the resistance to the motion of trains, 
offered by the atmosphere,, the results of which are ^iven in another portion of this i^su^. 

The mothod used by Prof. Goss in his study of the atino^plioric resislanee to trains 
IB novel and his deductions go so far toward explaining the coatradictory evidence from former 
tmii that we have reprinted the greater portion of his paper, t For those readers, however, 
who have neither the time nor inclinatioa to read so long an article, n statement of the 
important points ma^y not be out of place. 

Briefly stated, the apparatus consisted ol ssnaH m^elFi j\ the s:ze oi a standard box 
car, jilaced near the cevdre of a long wooden conduit, as this portion was found by experiment 
to have a nearly uuiform flaw of air, when a rotaiy fan connected to one end of the conduit 
was \n, opeiratiofi* Ejioh car was atlac^d to. a dynamoraeter whick rogistcrid the force tending 
bo fjroilueo longitiKJinal displiicement, while the velocity of the air was measured by suitabk^ 
Ipmges and controUwl hj regulating the speed of the fan. Tlie observations eousisted in 
measuring the velocity oi the pjissing air current and noimg the leadmgs of tfce dynamo- 
meters ol tie several cars* The rtmospheric conditions of the tests correspondod to those of 
a train moving in still air^ and no effori was mia<i« to determine the effects resulting from 
obUque oc other winds. Various arrangmenl^ &f the models were tried fan|^ng fiom a single 
siodet t^ a tmin of twenty-five awMlels and the velocily of the arr was Tariedl from about 25 t^ 
105 miles an houn Tli& odhdnskms drawn froi& (he results of these experiments are : 
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L The force with whicii the air current acts upon each elememt of fclte traio, op 
upon the train as a wholdj lacreases as tlie square of the velocity, 

2. The effect upon a single model, standing alone, measured in temis of the pressure 
per an it area of croaa-sectiou is approximately 0*5 the pressure pei- unit area as shown by the 
gage recording the pressure of the air current* 

3. The effect upon the different models composing a train Taries with different posi- 
tions in the train | it is moat pronouuced upon the first modelj the last model coming next in 
orderj then all the intermediate models ejqjecting the second, and least of all 13 the effect of 
the air upon the second modeU 

4 The relative effect upon the different portions of a train is approximately the 
same for all velocities. 

5, The ratio of the effect upon each oE the several models composipg a train, mea- 
sured in pressare per unit area of cross-section^ compared with the pressure per unit area of 
the air current as shown by the ga^uge is approximately: for the first raodel 04; for the last 
model O'l ; for any intermediate model between ther second and last 0*04 ; and for the second 
model 0032. 

It is then assumed that had the models been full-sized cars under similar conditions/ 
the resulls would have varied according to I he extent of the exposed surfaces^ and from the 
data obtained from the experiments with model trains^ equations are evolved, expressing the 
relation l>etween the spf*ed of locomotlvea, passenger trains and freight trainsj and the 
resistance offered by still air to their progress* Twelve eqnations are thus presented for 
different combinations^ which eqantions take into account both the cross-section and the 
lengih of the train and distinguish betweenthe head resistance and the frictional resistance 
of the intermediate cars. So far as we ktow'this is the first time equations of this kind 
have been brought out. The restilts of the application of these formulae are given in tabular 
form, which tables show the tractive-power and horse-posrer required to overcome the atmos- 
pheric resistance, for speeds of from 10 to 100 miles an hour of a locomotive running alone 
and at the head of a train, and als(> of trains varying from 100 to 2,000 ft. long. These 
values are much lower than those obtained from the application of several well-known 
formulie, which formula3 are now considered by those best informed to give results too high. 

The scheme of these experiments is ingenious^ and the results are presented in such 
a way that they can be readily adapted to almoat any general case, provided it is correct to 
assume that the relative atmospheric effects on similar bodies are directly proportional to 
their respective surfaces, As the final expressions depend largely for their valued upon the 
relation that exists between the effects upon small and large similar bodies, it would seem 
very desirable to establish this relation by trial, at least within the limits o[ the apparatus. If, 
for instance, the relation bf'tween the effects of models, even ^, ^ and -j^ the size of the 
standard car wero fotmd to be directly proportional to the area of surfaces exposed, one would 
feel more safe in applying the experimental results to actual conditions; doubtless this 
relation could be determined for a wider range of sizes in other ways. 

However J the equations deduced by Prof* Goss are more rational and satisfactory 
ban any heretofore presentedj and wiU probably be found satisfactory for practical purposes* 

[Railroad GazeUe:-20 May 1898.] " 
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TRAIN RESISTANCE. 
* * * 



Prof. Dudley's experimeDts have demonstrated that tbe resistance per ton decreases 
with the length and weight of the train at high speeds. From the engraving, which 
represents a long train in motion, this will be readily understood. The atmosphere being the 
principal resistance at high speeds, is met by the engine's front, as per arrow, a, assuming a 
comparatively quiet state of the air, and is deflected as per arrows, 6, and continues to 
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cat h in the window depressions and between the cars, until on a long train, it is believed at 
and near the back end, a belt of air is drawn along the sides with the traiu by suction, hence 
the addition of cars to the back end of a long train, if the sp?ed is high, will not increase 
the resistance in anything like the degree that the adding of a car to a train of two or 
three cars wonld ; because the air at the back end of the train is already put in motion by the 
cars at and near the front end, and follows with the train to some extent, and thus the resis- 
tance of the last cars is largely made up of journal and flange friction, while the resistance of 
the leading cars is composed of these factors, and, in addition, that of the atmosphere. 

It is a well known fact that American cars haul easier per ton than foreign or Euro- 
pean cars, from the fact that the American truck is free to adjust itself to the curves, while 
the European cars have their wheels set in rigid jaws, which are incapable of swivelling to 
accommodate the curves, etc It is of course true that European cars are shorter and track 
curves longer, still, with disadvantages of our roads in these respects, the swivelling truck 
much more than puts them on an equality for easy draught. A leading English paper, and an 
authority on railroad matters, recently estimated the resistance per ton at a speed of 50 miles 
per hour for American cars in a train of 460 tons to be 25 pounds per ton — probably judging 
from English cars, while it has been already shown by Prof. Dudley's experiments, that the 
resistance is as low as 10 pounds per ton. This fact is, it appears, recognized in England, for 
in Colburn's " Locomotive Engineering " '*' we find : 

" But the great practical improvement of the day, at least so far as English rolling- 
stock is concerned, is to be tbe substitution of radial axles and azle boxes. . . . The 
practice of the United States, in the universal adoption of bogies under the engine tenders^ 
cr.rriages, and wagons is well worthy of analysis. ... It must also bo affirmed that by 
means of the bogie the tractive resistance of engines and trains is notably loss than that of 

parallel axled stock. 

2%e Scientific American Siipplement : C October^ 1883. 



[•Zerah Colbnm was, howevo-, an American, not EngliBbman.— Tb.] 
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* * * ^ # 

EXAMPLE OF EQUIVALENT LeMGTR 



Train Speed, — The average speed of fast passenger trains between Lucerne and 
CbiassOj has hitherto been 40 kilometrea (25 inilea)' including stoppages: the maziinam 
between statioua, 50 kilometres (31 miles per hour, wliich, with the new eitpresg engiixea 
lately put upon the HnOj will be increased to 60 kilometres (37'5 miles) as average speed, and 
to 90 kilometres 5S'4 miles) per hour on flat sect ions. Haviog regard to the heavy grades of 
2'5 and 2 7 per cent*, these speeds are highly creditable, and much better than those on the 
connecting lines from Lucerne to Bale, and from Chiaaso to Milan, worked by the Swiss 
Central and the Italian Mediterranean Company respectively* In order to further accelerate 
the express service from B41e to Milan and vice verBa, the St. Gotbard Company contemplates 
running its new express engines over the whole distance between these two terminals, about 
380 kilometres or 240 miles, 

It is noteworthy that the speed ou the St. Gotbard Kail way is also in excess of that 
on the other great Alpiue railways, which have, moreover, easier maximum gradients, except 
the Arlberg line^ as is shown by the following Table : 
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Equivalsnt Lengthi^In order to realise what train speeds of 40 and 50 kilometres, 
or 25 and 31 miles mean, on such a railway as the St, Gothard, it is necessary to determine 
the equivalent length of the whole line, viz., the lenfjth which the actual linSt with iU gra- 
dienis and curves^ reprGSsntM on th& straight and lecEL This equivalent length may, in this 
Case, be determined according to Ghega's formula: 

where L is the sum of all level sections (57 kilometres) ; G the sum of all grade sections (208 
kilometres) j g the mean gradient (1 in 8S), and A the sum of all curve angles (15,624 deg,). 
The result is as follows : 

57 + 208 (^ 1 + ^\ + 0-73 ^^^ = 5466 kilometres, or 342 miles. 

This result is strikingly confirmed if we determine the coefficient of equivalent length 
in another way, viz., from the mechanical work on the average gradient, at average speed, 
divided by the same on the level at maximum speed. As before stated, the average train load 
on the St, Gothard Railway is 480 tons, the mean grade 1*2 per cenL (1 in 83), or 12 metres 
per kilometre, the average speed 8*5 metres per second, or 30 kilometres per hour, whilst the 
maximum speed on the flat sections is 50 kilometres per hour^ or 14 metres per second. 
Taking the coefficient of traction at 5 kilogrammes (11 lb.) per ton* we have the coefficient of 
equivalent length : 

480 tons (12 + 5) x 8^5 _ 68,510 _ 

480 tons { u + 5) x 14 ^ 33,000 " ^^ 
44 
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Hence tlie eqaiyalent length of the whole line : 

265 kilometres x 2*04 = 540 kilometres or 338 miles^ 
or virtually the same as the length determined by Ghega's formula. 

The coefficient of equivalent length being thus 2, it follows that the speed on the St*. 
Oothard Railway of 40 and 50 kilometres is equal to 80 and 100 kilometres, or 50 and 60 miles 
per hour on the straight and level, and that an average run per engine of, say, 60 miles per 
day on the St. Gothard Railway is equal to liO miles on ordinary lines with easy grades and 
flat curves. 

In the same way, the total train and engine mileage on the St. Gothard Railway 
corresponds to double that mileage on the straight and level, and hence, inversely, the work- 
ing expenditure of 3*32 fr. per train kilometre or 4s. 2d. per train-mile, is equal to half, viz , 
respectively 1*66 fr. and 2s. Id. on the straight and level. 

Engineering : — 18 January, 1895. 
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RAILWAY PRACTICE IN NEW SOUTH WALESt 



There are no fixed rules as to limiting griMlients and curve^^ wJiicli vary according 
to tlie nature of the country to be traversed, aod the direction and amount of the traffic to be 
dealt with. For short braooh lines to partly agricultural districts, actual or possible, 1 in 40 
to 1 in GO gradients, and 10-chain cmnreSj wliere unavoidable except by heavy works, are not 
unusual^ and on these 1 in 80 against the loaded up traffic, and 1 in 40 against the lighter 
traffic from the sea-port, represent about equal gross traction. The great bulk of the up 
tmffic of the colony , except for coal, which is dealt with by the old lines nearer the coast^ is 
of low specific gravity, such as wool, live-stock, hay and chaff, skins, &c., and as the population 
of districts producing these commoditieH is necessarily scanty, and the supplies to them form 
the bulk of the return down loading, the proportion between the up and down grading remains 
much the same as in the heaWer grain-carrying lines with their larger population. Special 
attention has therefore to be given to this balancing of resistances, where the ruling gradient 
is required, so as to ensure that the full engine power necessary to take the partially loaded 
trains one way will be utilized in returning with the fully losided trains in the rts verse diiection. 
On main connections, or deviations ot old main lines, 1 in 80 agatni^t the up traffic, and 1 in 
iib vice versoj are genemlly aimed at, with 15-ch&in curves, while in the longer western lines 
across the plains, where traffic is most economically taken in long but infrequent trains, I in 
100 is generally obtainable as ft surface line. In these latter especitdly, but generally in all 
but the suburban lines, the number of passengers is comparatively so iusigQificant that goods 
traffic is the guide in these matters. 

The tendency is, on main lines in New South Wales, notwithstanding tho great 
reduction of train-mileage by the introduction of some of the most powerful locoiuoiives in 
existence, to reduce it still further bj cut ting dowB the gradieiLts of the old liBeSi and pro- 
jecting easy grading on the new lines. The same tendency, partially for a different reason, is 
noticeable in the case of proposed short branches, where compamti vely easy grading is required 
to utilize, in their service, the weaker old engines which are being gradualty cast from the 
heavy traffic of the main lines. The frequent employment of curves as sharp as 10 chaiiis radius 
to economise construction aa against greater wear and tear to rails and rolling-stock, princi- 
pally in tires, is a question which has propeily received much consideration. It is really all a 
matter of extent of traffic- Many of the branch lines of New South Wales have no greater 
traffic, nor is there any likelihood of its increasing much for many years, than that represented 
by 1,000 to 2,000 train-miles per open mile per annum. When it is considered that the total 
cost of rolling-stock repair and renewals is only about 8d. per train-mile, or say £45 per open 
mile per annum on an average branch, and only a small fractlCB of thii§ is affected even if the 
whole length be sharply curved, it is easy 16 gee that sharp curvature, to save a very moderate 
amount of construction, is amply jnstified on such lines. The wear of raUais also insignificant 
in these cases. It is a very different matter where main lines or connections are with their 
much larger traffic. 

AM curves of lesser radius than 20 chains have transttion or easing, curves con- 
necting them with the adjoiniog straight* Vertical corves sre also used at summits and saga 
in the section* This eases the strain on the drawbars and buffer spriugs, and diminishes 
the wear of rolling-stock generally. 

Care is taken also that unnecessary losses of le^el in long ascents are not incurred, 
and the cost of working them is set against the saving in construction which might be gained 
by th«ir adoption, 0'40d, per 1,000 foot-tons is a fair average extra cost of working such 
aacente in New South Wales, this representing roughly the extra amount of fuel and water 
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used in rising over a given height, with an ordinary goods train, in addition to tkat expended 
on a level line of the same length, extra wear and tear to rolling-stock being also included. 

Another precaution adopted is that the ruling gradient and the sharpest curve on 
any line, or division of a line between engine-stations, is avoided through long tunnels, as 
otherwise, through the loss of adhesion, the severity of the ruling gradints would be practically 
increased. Level benches in long gradients are also introduced. 

The cost ^f running train-mileage, that is to say, the wages of ti;ains' crew, the cost 
of fuel, .water, and stores, the wear and tear of rolling-stock, and maintenance -of road only, 
but excluding general superintendance and station expenses, which are not generally affected 
is an Item which has constantly to be considered in testing the value of alternate projects. 
This is estimated to vary in the colnnj, according to local circumstances, beikween 2s. and 
2$. 6d. per train-mile. 

^ ***** ih 

Since 1890, the survey work executed amounts to about 5^450 miles, and estimates 
have been made, in the same period, to the extent of about £38,000,000 ; but the extent of the 
latter work has diminished, relatively, the labour in connection with it, as innumerable 
examples and constants are tabulated and are available for successive estimates ; and the 
practice of dealing with so large a number, and of such great variety, has so trained those 
concerned with them, that almost by the mere inspection of a section, an estimate might be 
made, fairly approximately, to within £200 or £800 per mile. 

A large staff of engineers, surveyors, and draughtsmen are employed at this subdivi- 
sion of the railway construction branch, averaging from thirty to sixty in number from time 
to time, according to the extent of the operations. Formerly, surveyors alone were employed 
at this work in the field, and a separate engineering staff was allotted to construction work 
proper, but for some years past, though the officers are still under separate subordinate control, 
the staff is interchangeable, with great advantage to the railway surveys, as no qualification 
is so valuable, in the execution of such work, as practical experience on construction. 

A. O. BURGB, 
" Railway Conatruetion in N. S. W." 
— -i/tnt. ProcB., I. a Engre. VoL CXXXIL 
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THE RAILROAD SPIRAL, 

In tbe Railroad Gazette for June 30, 18D3, p. 490, ttere was ackBowbdgetl the 
i^ceipt of a pamphlet on ** Tlie Transition Curve," by Mr- K. S. M, Lovelace, M, Can. Soc. 
C> K-, and the suggestion was made that while the curve seemed simple and practicable, the 
limits of the tables were not well chosen, Mr, Lovelace has found this ta be true, and that 
his formulas were rather too complex for field nse. He has therefore simplified the formulas 
and extended the tables and has presented his new discussion to the Canadian Society of 
Civil Engineers, in a paper read Dec, 7, 1899- 

The curve Mr, Lovelace originally proposed waa the lemniscata^ which was indepen- 
dently worked oat for use as a transition curve by Miv Charles H- Tut ton (see RailfocLd 
Gazette^ ^°g- ^j 1893)- Mr* L^>velace has made certain modiflcatEons of hia formulas which 
greatly simplify them and make them entirely practical for field use, and be calls his new 
curve the modified lemniscata. But in thin modification he has simply reached the true rail- 
road spiral and has produced formulas easentially the same as those of Prof. Talbot and others. 

The appearance of this paper suggests that a review of the conditlotl of tbe trailsi* 
tion curve prablem may not be out of place. 

Besides the method of three centre curves .in use on the Pennsylvania, and possibly 
other TOadSi there are two general types of transition curves in use on Amerioan railroads, 

(1) The compound transition curve which is a curve composed of short arcs, usually 
oqualj oE circular curves of ever decreasing radius from tangent to curve. These usually 
begin with an art- of a 0^ 30' curve or of a 1^ 0' curve, and increase by 0° 30' or P 0* or 
other angular unit till the degree of the main central curve is reached. The arcs making up 
the transition curve, equal throughout an^ one curve, are from 10 feet long as may be desired 
or reqiured by circumstances, 

(2) The spiral, which is a curve whose radius begios with infinity and varies in- 
versely as the length of the curve, so much of the curve being used as will bring the radius 
down to that of the main curve to be naed. The curve may be made long or short by varying 
the rate at which the radius shall change* The spiral does not admit of simple mathematical 
discussion or easy precise location, but does admit of simple approximate demonstration and 
easy approximate location, and the approximations are wholly within the usual limits of 
precision in railroad work* 

The compound transitioTi curve does admit of precise location and simple mathe- 
matical discussion, but is not so flexible as the spiral and requires the use of more or less 
extensive tables for field location, while the approximate formulas for the spiral are so simple 
as to need no tables at allj or at most two brief ones that can be copied on the fly-leaf of an 
ordinary field book. 

Mn Searles' *' Railroad Spiral'^ is a compound transition curve, and is used on 
several roads. The Southern Pacific Company uses a similar curve, issuing its own tables > 
computed for arcs of 30 feet. 

The late A. M. Wellington put into practical shape for nse> the Froude curve men- 
tioned by Rankine, and published simple tables in the Railroad Gazette many years ago» 
Later he elaborated his discussion in the series of articles that were to have constituted a 
field-book. These were published in the Enginmring News, Mr. Wellington's deduct ioua 
were good ao long as the angle consumed by the transition curve was small, and some of his 
45 
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fnrmulaa are good in any case, and it is an intere-tiug fact tliat almost of all the later 
demonstrators of the traosition carve, although guiog &t the problem in different waj£i 
eventuallj by their approximations get down to the fundamental Wellington formnla of 
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or others essentially similar. 



The necesiity for the transitica carve is now admittdl by practically all inteUigeat 
engineers^ but the reaBon for iU use is stated in several way a. One lays the curve is ta 
lessen the shock itLcileBt to the indden change of motian from tangent to curve ; another 
that it is necessary for the proper grains 1 elevation of the outer rail ; another admitting 
either or both these considerations claims as one of the greatest advantages of such curves 
the ready means they provide for better fitting the ground in location, since the taogeuts 
may he located to to good advantage and the curves offsetted as may seem best, the transition 
carve covering the gap. Tills last consideration is likely to lead to carelessness in loLation 
in the nse of too large offsets^ necessitating too loug transition curves. In exemplifying his 
formulas Mr, Lovelace nses the large offsets of 27 feet with a 14^ curve, necessitating a 
trauattion carve of over 500 feet. It goefi almost without saying that such long ear ves of 
constantly changing radius must be nuisances to the track men. In the reliniug of old track 
no such offsets are possible, since the track must be kept on the roadbed. 

The considerations which should govern in cliooaing a transition cuireare: (i) 
The rate of change of direction of motion should be as rapid as is consistent with smooth 
riding as determined by the passenger and the track man who watches the tendency of his 
track to get out of line, (2) The rute of obtaining the full difference of t^levation of the rails 
should be as rapid as is consistent wath smooth riding, sliould be uniform, and the difference 
of elevation should at any point be that due to the speed and the radius at the point. This 
last consideration holds for the tangent, where, the radius being infinite, the difference in 
elevation is stero. Hince smooth riding probably means a constant rate of change of ektvatiou 
per unit of time, the rate of change to be assumed will theoretically vary with the speed, but 
practically two or three rates wiU suffice. 

All of these eonsideratious point to a curve that shall begin with an infinite radiu. 
or zero degree and shall vary in radius inversely as its length, and in degree directly as it ^ 
length. Such is the curve of Wellington, of Tfolbrook, of Talbot, Crandall, Raymond an I 
others, and practically such is the curve of those who st^rt with some other fornij as the cubic 
parabola or lemniscata, and making certain approximations for giinplicity end with true spiral 
formulas. Mr. Lovelace's fonnulas for what he calls the modified leniniscata are essentially the 
flame as those of Prof* Talbot, among which are the fnndamontrl formulas of Mr. Wellington. 

Most of the modem field-books contain discussions of the transition curve, which 
has been so simplified that there seems to be no need for new curves. Henck, Naple, Godwjn 
and Frost, and perhaps others, all treat of the spind in some form, bnt the most concise stn* *- 
mcnt of *^how to lay it out" is perhaps found in Prof, Allen's new and admirable text-bct/l; 
on curves and earthwork- It is probably not too ranch to say that Prof. Talbot's Httle mo i. 
^aph* ^'The Railway Transition Spiral,'^ leaves nothing to be desired in the exposition ol 
the theory ami practice of transition curves from a prfjctical standpoint. As ha» been saiii, 
IVif* Allen's stntement of the work in the tield is model of conciseness, Prof, Crandall slio*. r 
how to write right-of-way deficriptions, and Henck and Prof* Raymond show how to compn* • 
ordin&tes for rail-ben «liu;^; but all tliese can be formulated by anyone who has re^d und»*r 
standingly ProL Talipot's book* And yet it must be s^aid that the formulas of Mr. Lovehic* 
iliongh not ^o comprelmtsivo as those of Prof, Talbot, are nevertheless, so far as thej' go, fi*M- 
IIS simpla, Thevr simplicity is largely due to the nse of the lecgth of the spiral in feet rather 
than in atations* They are as follows, R being the radias of the main curre^ L the length* > 
feet of the spiral, the offfict between tangent and offsetted main curve, S the deflection an^!? 
for the whole spiral from tangent to P* C* C*, ^ the central angle conBumcd by the spiral^ i 
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{he tangent distance from tangent point of offsetted main carve to the P. C. of the spiral, and 
C the long chord of the spiral : 

O = ^jrj common to several discnssions. 

S =5 -=^ = — = a/ — - also common to several discussions. 

. . . . LD , -^ 5780 

o m mmntes « j^r where D = j^ . 

L 5 0« 



2 2 L / 



The snbtractive term is useful only with large O's. 



Deflection from P. C. to a point on spiral SI feet distant = S ^-^ = S^ 

Deflection from P. C. to a point on spiral 21 feet distant =: 3S. 
Deflection from P. C, to a point on spiral 31 feet distant = 98^, etc., etc. 

Mr. Lovelace does not give formulas for deflection angles from other points than the 
point of spiral. The deflection at the P. C. C. from the long chord of the spiral to the common 
tangent is 2S or |^, and the deflection from the common tangent at the P. G. C. to any point 
on the spiral I feet distant is the deflection for the main curve for I feet less the deflection B^ 
for the spiral from the point of spiral to a point I feet distant^ which means that the spiral 
departs from the main curve just as it does from the tangent. 

The tangent distance from intersection point to point of spiral is best given by Prof. 
Talbot's formula^ 1 being the I of Henck and ^ of Searles. 

T = t + (R + O) tan 4 I. 
The tangent distance to the point opposite the P. C. of the offsetted curve is T — t, or simply 
[R + 0) tan 4 I. 

Mr. Lovelace does not discuss spirals between the two branches of a compound curve, 
as do most writers. The simplest statement for this spiral is that it is in length and offset 
required between the two branches of the compound curve the same as the spiral computed 
for a curve whose degree is the difference of degrees of the two branches^ and the spiral 
departs from these curves just as from a tangent and its simple carve. 

The central angle consumed will be the average degree of the two branches^ multi- 
plied by the length of the spiral in stations. 

The railroad spiral is, with the help of these simple formulas and directions, given 
in any one of several papers, little more difficult to run in than an ordinary simple curve^ and 
the expressions given are certainly easily within the comprehension of any ordinary transit- 
man. It will doubtless be but a short time before the use of the spiral will be universal. 

liailroad Gazette :--9 February 1900. 



HOLBROOKES SPIRAL CURVES. 



By E. Holbeook.* 

About 21 years ago the writer found occasion to use transition curves on railroads, 
and found that the problem had not been worked out. This problem was to make a transition 
from circle to tangent such that the superelevation of the outer rail should at all points be 
proportionate to the centrifugal force. This could best be accomplished by passing froi 
circle to tangent by a curve with a uniform rate of transition ; the superelevation of the oute 
rail would then begin at the point of spiral and increase uniformly, reaching the maximui 
* Chief Engineer, Kansas City Southern Rj. Co., Kansas City, Ho. 
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ftt the point of circle and remaiiiiug cdDstant till tlie decreasiTig spiral was reaciefl at tfre 
other end of the circle* Thin would give the simplest method for the trackman's use. 
The nature of such a spiral is exprt^ssed by the equation 

when B is the radius of curvature of the spiral at any poiui ; L the length uf the spiml mea* 
sured from its origiu^ and A & constant which determines the rate of transition. 

Having worked out the properties of such a spiral in connection with its reUtion to 
the adjacent tangent and circle and put it into use, the writer distributed among variouR 
assifitant engineers of the " Pan Handle road," copies of the demonstration and tables, and 
from them it went to otlier roads. Ft was published briefly in '* The Railroad Gazette" in 
December, 1880. The first engineer besides the writer to usfe these formulas extensively was 
Geo, W, Kittridge, now Chiet Engineer of the " Big Fuur/* who put spiral .ends on many uf 
the curves of the '* Pan Handie/^ both east and west uf Steubenvillej 0, 

Since that time volumes have been written on the subject and many tables arranged, 
with countless varia^ions^ to auit the ideas of engineers as to how best to \bj ont this curve^ 
They are all, however, but different aspects or parts what was contained in the original work, 
and have been madtj with one or more of three objects in view, viz, ; to devise a scheme where 
tables could be diapeased with ; to overcome a fancied want of elsjbsticity.^r to escape a Itttle 
higher mathematics whioli enter into the demonstration but not into the application. 

By the help of tlie following figure and table the actual work intjie field is briefly 
explained: 



. / 



Let A and J D be two tangents, intersecting at the point A, making the angle I. 

J 13 the spifal connecting the circle E B with the tangent A, having a 
length O S equal L, 

A is the total curvature of the spiral, 

d is the deflection angle to be turned off from the tangent to locate any points as B. 

To locate the point for any given degree of curve and intersect iun angle Ij we 
have : OA^T^AF+FE+EO^B tang i / + X^ tang 4 1+ Y^, or [11 + X^) tang 
i / + To- 

If we wish to lay out the spiral with a rate of transition of one degree in 60 ft, 
enter the Table I at the line beginning with the required degree and take out the value of ii, 
to which add by inspection the value of X,, found on the same line and multiply the sum by 
tang 1 I, as in ordinary circular curves; to this product add the value of Y^ found on the 
line, and yoU will have the length of tangent for locating 0, Set the transit at and turn 
off from the tangent the deflections found in the table for various lengths of epiral for locat- 
ing the spiral until the required degrf?e is reached, as shown by the figures in the first 
column* Tkcjn sot up at B, back sighting on 0^ and turn off twice the totiil deflection of the 
tpiral, and the line of sight will then be on the common tangent of spirt.1 and circle. The 
circle c^n then be produced in the usual manner. 

Putting in t4*ue transition curves adds practically nothing to the work except as they 
make the curves longer. They can be put in as quickly by one who is familiar with them aig 
any approximate method tliat ii not rank fudging. There are no offsets to make^ no parallel 
tangents^ no curve to run that is not used and no stake to drive that is not a centra Etake, 
and stakes may be driven at any station and as few or as many aa desired. 

As to the elasticity of this method, 20 years* experience has demonstrated that a 
sbgle rate of transition should bo used on new workj and it is very rare that more than two 
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kra required on oH work. If we use two rates, viz* ; one degree in thirty feeti and one degree 
ih «ixty feet», we can relocate curves up to 6^ without getting the stakes outside of the rails j 
but if some other rate is desired, say one degree in twenty feefc, inspect tlie table. Table 
No. L ha3 a rafce of one degree in sixty feet, and No. IL has one degree in thirty feet. 
Compare the value of d on corregponding lintjs of the two tables and note that one ia just 
double the other^ or vary as the rate of transition, bo we can lay out the desired spiral by 
adding 50 Vto the values of d found in Table No, II. Note tbat the values of Xq, on lines 
beginning with the same degree, are as 4 to 1, or vary inversely as the squares of the rates 
of transition, which enables us to find the required value of X^ with very little work. Observe 
that T,^ niiy ho obtained by subtracting a aniall qnantity from J of L; and observe that thiss 
quantity varies in the tables as the cubes of the rates of transition^ which enables us to find 
Y^ in case the spiral is so long that it cannot be seen by inspection. 

Many have objected to the use of the true transition curve because Its demonstration 
requires some higher mathematics, Tho objection is no better founded than an objection to 
a table of sines and cosineSj because tbey requfre the same. A wide experience has demon- 
strated that young engineers with only a rudimentary knowledge of trigonometry can grasp 
the general idea and learn to apply it as easily as they can learn to solve a triangle. 

At the time that the original demonstration was made the writer did not attempt to 
ascertain the relation directly between A and d^ and did not observe for a time that to the 

limit of the tablej ^ = -^ and consequently that the angle at B turned off to get on the common 

tangent was twice d, that is A ~ d = 2d. This ratio does not hold for large values of A, which 
goes on increasing indefinitely, while d never reaches 65*^, 

No case has yet occnred to the writer where he could not stake out the whole spiral 

atone settings but if the case arises the transit can be moved along the tangent and the 

remaining deflection easily calculated by nae of the values of X and Y found in the tables. 

Usually, a table like the one given below supplies all that is required j A being obtained is 

required by multiplying d by 3, 

(F = 60 ftO 



Begft. 


L. 


X 


r. 


n 


d. 


0^ ^' 


30 


0*01 


20W 


10-00 


0* 007' 


O' 4r 


40 


0^03 


40W 


20*00 


0^ 02 7' 


r w 


60 


010 


5000 


3000 


(f ce^' 


P 20' 


8Q 


025 


80 00 


4000 


0=" 10-7' 


1* i(r 


100 


0-48 


lOO'OO 


50'00 


0= 167' 


1^ 60' 


no 


004 


110-00 


55-00 


(f 10-2' 


2^00' 


120 


0-&4 


120-00 


QO-OO 


V' 21^0' 


2^ 10' 


130 


1-06 


129-99 


6500 


0^ 28-2' 


2*20^ 


140 


133 


13999 


70-00 


0* 32-7' 


2» ao' 


150 


re* 


im^ 


7600 


©• 37 5' 


2^ 40' 


160 


1-&9 


15068 


80^ 


0° 42-7' 


2=* W 


170 


2-sa 


le&m 


850O 


0^ 48^2' 


3° 00^ 


180 


2B3 


179-96 


90-00 


O' 54-0' 


^ 10' 


190 


333 


169-95 


9500 


i»oo-r 


S« 20' 


200 


3-89 


19903 


90*99 


r 06-7' 


a» 30* 


210 


4^40 


209'01 


104-99 


1^ 13'5' 


2^ 40' 


220 


516 


219-89 


109i>8 


V 2or 


r 60' 


230 


6-90 


229^86 


114 IW 


r m-r 


4'> 00' 


240 


670 


23983 


119-97 


1^ miy 


4"" 10' 


250 


7-fiS 


219-79 


124-97 


V ur 



If it is desired to nse a subchord^ or a degree of oorvatnre between those given in 
the tables^ d for the aubchord can easily be found by remembering that d increases as the 
square of the length, X^ and Y^ change bo elowly that the former may be obtained by second 
differences and the latter from first differences, aa found in the table. For ourTefl of small 
total cnryature it ia sometimes best to make the whole curve a transition. In such case the 
total curvature of each spiral will be A = 4 I, and the length of the tangent will be j^ + ai 
tang i I* If the rate of transition in the table does not give an external distance to suit the 
46 



loeatiao, find the ratio of the one giren in tha fcabla to the one dasired and mcreasB or decrease 
the leugth of the tangenta and the chords used in staking oai accordingly^ since all sbcI 
enrrcs between tangents of a given intersection angle are sitiiUar. 

For the external distance S we hare 

E= m see J I. 

It is Bomettmes necessary to pub in a circular cnr^ne with transition that will have a" 

given external distance, I being given. Find the degree of a simple curve having the rec|nii 

external distance, then 

Let 

W^ the ret^ir^d external dtstancei 

D = the degred of a simple curve with external M, 

I/= the di'gree of curve with transition and external E'f 

where X^ corresponds to It; bnt -X^, changes so slowly and the difference between 1/ and D 
is not usually over 10 minutes, so the vttlae o£ X^can be estimated sufficiently close to get 
the value of D' at the first approxinmtioii. 

If it is desired to find E for any given value of i2 and, J we have 
E^ B tang i / tang 4 J 4- X^^ see i L 

A large number of special cases of compound and reverse curves with transitions 
will be found worked out in the appendix to the Ohio State liailway Commission's report fori 
1884. However, keeping in mind that in all cases tte circle is removed a distance X^ from 
the tangent, and in compound curvea the two circles stand in the same relation to each other 
that the tangent and circles do in the ordinary case, no difficulty will be experienced* 

TABLE I.— (l^^SOftO 
(Spiral increasing 0^ OT per ft.) 



n- 



De- 


BAdiua, 
















gre^B. 


rt. 


L. 


A 


X. 


F. 


X.. 


n. 


d. 


^0*- so- 


17,188 7S 


20 


tr 02' 


O'Olf 


2000 


o*oo 


10^00 


0^ 007' 


€P 40- 


8,5&4'37 


40 


0^ OS' 


003 


40*00 


001 


2000 


0^ 02 7' 


1» 00' 


6.729 60 


60 


0=* 18' 


OlO 


60 00 


0^ 


30*00 


0^ 06-0' 


1= m 


4,2mu 


80 


0^ 32' 


025 


80*00 


007 


4000 


0= 10 7' 


r 40^ 


8,437*7& 


100 


Cp SO' 


048 


100-00 


O-II 


60*00 


0= 167' 


1« 60' 


a,12S^21 


110 


1^ oor 


0-64 


uooo 


0'16 


65-00 


0^ 20*2' 


a* OO' 


2,86480 


120 


r ir 


0S4 


l2Grm 


021 


6O00 


r 240' 


^ w 


2,64441 


130 


r 24i 


lt)6 


129-99 


027 


66*00 


0° 28-2' 


^^ 


2,466 62 


140 


V 38 


1'33 


139 99 


0*32 


70'CiO 


0** 327' 


r w 


2,2&182 


150 


r 621 


164 


14908 


0*42 


75'00 


0^ 37-5' 


S" 40' 


2,U857 


ISO 


2^ 08^ 


1-99 


1&9-9S 


052 


8O00 


0^ 42-7' 


r m 


2,022'20 


170 


2^ 241' 


2'3S 


16997 


OflO 


86*00 


0^ 48-2' 


roo' 


i^dOQ-ae 


180 


2* 4S' 


283 


179 96 


071 


90'00 


0^ 54*0' 


no- 


1,809 20 


190 


3"^ oor 


331 


18995 


0'84 


9500 


1= o^r 


r SO' 


1,718-80 


200 


3^ 20 


389 


190-98 


0-9W 


99-99 


r 06 7' 


3*30- 


1,637^01 


210 


3^ 40i 


449 


209'9l 


113 


104*99 


1* 13 5' 


a^ 4iy 


1,50260 


220 


4= 02 


616 


219 89 


1-28 


109-96 


r 20 7' 


a» io' 


1,494*66 


eao 


4^ 24| 


690 


229*86 


1*4S 


114 96 


1" 28-2' 


4** 00' 


1,432-39 


240 


4^46, 


670 


23983 


1-67 


119^97 


1* 360^ 


4r w 


1,37500 


250 


6^ 124 


768 


24979 


1*90 


124-97 


1^ 44-2' 


4* ao' 


1,322 20 


260 


5" zy 


851 


25976 


213 


129-97 


r 62 7' 


4^ W 


1,273 30 


270 


r ^' 


9r>3 


269-70 


238 


131*97 


2° 01 6' 


4" 40' 


1,22776 


280 


r 32' 


1063 


27964 


2-66 


130 96 


2* 107' 


4" 60' 


hiB^^m 


200 


7* oor 


1181 


889-57 


296 


1449& 


r 20 r 


B* OO' 


1,14591 


300 


r 30- 


13-07 


299-49 


326 


119 92 


2' SOO' 


6* 10' 


l,i08l>6 


310 


8^ oor 


1442 


3094O 


361 


154-91 


a« 40-2' 


S'^SSO' 


1,074 28 


320 


8* 32- 


1366 


31929 


397 


169 89 


2^ 60-7' 


fi* 80' 


1,(M1'73 


330 


roir 


17-39 


329 17 


4 34 


161*87 


3^ Ol'S' 


6^ 40' 


1,011 ou 


340 


r 38' 


19*02 


33904 


470 


169W 


3^ 127' 


6*«r 


982-tl 


360 


10^ 12i 


20-74 


348-89 


6-19 


174 82 


3^ 24-2' 


e»oa 


9M'98 


360 


10' 48' 


2266 


368 72 


665 


179*79 


3*^ 36 




TABLE ir.— (1° = 30 ft.) 
(Spiral increasing 0° 02' per ft.) 



De. 


RadiiM, 








• 








grees. 


ft. 


L. 


A 


X. 


F. 


Xo. 


^o. 


d. 


(f 20' 


17,188-75 


10 


o« or 


000 


10-00 


0-00 


600 


0* 00*3< 


0° 40' 


8,694-87 


20 


0° 04' 


001 


20-00 


000 


10-00 


0° oi-y 


l« CO' 


6,729-60 


30 


0° 09' 


0-03 


30-00 


0H)1 


1600 


0° 03'd^ 


1° 20' 


4^29716 


40 


0** 16' 


006 


,4000 


0-02 


20-00 


0** 05-3' 


1° 40' 


8,48775 


50 


O** 26' 


012 


6000 


0-08 


26-00 


0* 08-8' 


2° 00' 


2,864-80 


60 


0° 86' 


0-21 


60KK) 


005 


8000 


0* 12-0' 


2** 20' 


2,466-63 


r 


0^ 49' 


0-83 


7000 


0O8 


36«00 


0« 163' 
0° 21-3' 


2° 40' 


2,148-69 


V 04' 


0-49 


80-00 


0-13 


40-00 


S° 00' 


1,909-86 


90 


V 21' 


0-70 


9000 


0-17 


45-00 


0° 27-0' 


3° 20' 


1,718-89 


100 


V 40' 


097 


99-99 


,0*24 


50-00 


0° 33-3' 


3° 40' 


1,662-il 


110 


2° 01' 


1*29 


109-99 


031 


66-00 


0*^ 40*8' 


4^00', 


1,432-39 


120 


20 24' 


1-67 


119-93 


0-41 


60-00 


. 0° 480' 


4^ 20' 


1.822-21 


130 


2^ 49' 


212 


129*97 


0-62 


65-00 


0^ 66-3' 


4'=* 40' 


1,2-27-76 


140 


3^ 16' 


2-65 


139-95 


0-68 


70W 


r 05*3' 


5^ 00' 


1,145-91 


150 


3^ 45' 


3-26 


149-91 


0-81 


74-99 


1° 15-0' 


5'»20' 


1,074-29 


160 


4^ 16' 


3-96 


159-91 


0-98 


. 79-98 


V 25-3' 


6° 40' 


1,011-10 


170 


40 49/ 


4-75 


1.59-88 


1-18 


84-98 


1* 86-3' 


6« 00' 


964-98 


180 


5° 24' 


5-64 


17«-84 


1-40 


89-97 


V 480' 


6° 20' 


904-67 


190 


6° 01' 


6-63 


189*79 


1-65 


94-97 


2^00-8- 


6^ 40' 


859-44 


200 


6* 4()' 


7-74 


199-73 


1*93 


99-96 


2« 18-8' 


7^00' 


818-52 


210 


7c 21' 


8-96 


209-66 


2-23 


104-94 


2° 27-0^ 


7"" 20' 


781-30 


220 


8'' 04' 


10*30 


21957 


2-67 


10993 


2*^ 41-3' 


70 4Q. 


747-38 


2^ 


8^ 49' ■ 


11-76- 


2-29-46 


2-93 


114-92 


2* 66-3' 


8** 00' 


716-20 


240 


9» 36' 


13-37 


239-33 


3*34 


119-89 


3* 12-0' 



For the benefit of those who may care to look into the mathemati ml properties of 
tho spiral, I append the following : 



(1) 



RL = A. 



For a transition at the rate of 1° in 60 ft., we hare 
A = 343,/ /o • E = f 

Since the curvature at any point is twice the. average curvature between the point 
and the origin we have the total curvature. 



(2) 



^=2 ''100 = 100^'"'°"'"*^'^' 



or 



A = 0'0000014545 L* (in terras of arc radius unity). 

Let 

0-00000145 45 = a, then A = « £•. 



By inspection of figures we see 

(3) 

L 



j-~ = cos A as cos a £% .*. 



f" T*JT T 12o«L» . 1680a<Z<> 
= I cos a L^ a Jj =sL — ^ „ „-; ^- + 



1.2.3.4.5. 1.2.8.4.5.6.7.8.0. 
+ &c. 



(4) 



-j-Tf, r= sm = sin a i', 
a Jj 



2ai»+_1200^ii!.+ &c. 



= j sin aL*dL- -j^^ . y 2.3.4.5.6.7 



184 -'A 

or pntting in the valtfe of a and reducing we have 

(5) r = L - 0-000060000000211557 L* + &o. 

(6) X = 0-0000004848 £» + &c. 

(7) Zo = Z - U versin A 

(8) To =«r—i2 sine A 

(9) tan d = -^, from which value of d can be computed or dividing equation (6) by 
equation (5)^ substituting in equation for value of tan A^ and redacing we have 



(10) 








but 

(11) 






200' 


within the range 


of 


practice we 


may nse 


(12) 






^=T- 


Likewise 


• 




Zo= ^ -&c. 
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